A quantization tree method for pricing and hedging multi-dimensional American options by Bally, Vlad et al.
HAL Id: inria-00072123
https://hal.inria.fr/inria-00072123
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
A quantization tree method for pricing and hedging
multi-dimensional American options
Vlad Bally, Gilles Pagès, Jacques Printems
To cite this version:
Vlad Bally, Gilles Pagès, Jacques Printems. A quantization tree method for pricing and hedging
multi-dimensional American options. [Research Report] RR-4465, INRIA. 2002. ￿inria-00072123￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
44
65
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A quantization tree method for pricing and hedging
multi-dimensional American options
Vlad BALLY — Gilles PAGÈS — Jacques PRINTEMS
N° 4465
Mai 2002
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)
Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30
  
		 !#"$
	&%	$'($)$$'	$'
$*+	+,-$	&$.	*/ 01	%2"3
	$.
46587:9<;>=6?@?BADCFEHGDIJ5K5JLNMO=3GQPR
SEUTV7XWNYBZL[MO\3]^3_a`>bcR
d
e1f-g&hikjmlonqprhs-tvu!wxpzyN{6iwy}|~wxpzhpvuwpry}{
 iqwghiyNh|-tzi&~i
Hxyi&w@Qu!wxf~
@u||:yNw  ixi+f-ix+fi{X
j}j[NFlQu}pNNklo}m|u}}i
3
&!-}} >¡ i|-xii&{[w@f-iikwxf-i¢[su{[wxpz£¤u!wpry}{6hiwxf-y 6¥ f-pv+f$pv ¥ i&trt§¦¨u  u|~wxi 3© y}wxf-i|-xpr&pz{
u}{  fi  Npz{-$y ©ª hi&xpru{«y}|~wxpzyN{¬y}{«u­uN®Niw¯y © u}xiwx°±8wxk|s-|XyNimpr¯wy6yNh|-s~wiutru}Ni
{qs-h>­:i²y © &y}{  p§wxpzyN{utBi&~|:i¤³wxuwpry}{²­q|-xyi¤³wxpzyN{$y © wf-i  p§´VspzyN{Dy}{DyN|~wprhutNp 6 ipr}{-i 
wxyhpz{pzhpr£&i@wxf-i>µK¢[su}ihi¤u{:¶|y}i³wxpzyN{i&xyN@µ·¸}¤¹º¶³° ª {autr}yNpzwf-h»wy>y}h|-s-wis:+f}xp  
pv  ixxpz­Xi  ° ¡ i¬|-y!¼qp  i@xis-tzwxy}{:i&x{-pr{-wxf-i¬y}  i&+Hy © wf-iku|-|y½~prhuwpry}{ ¥ pzwfi¤|XiwUwy
wxf-ii}s-tvuxpzwy © wf-i|u½[¦8y´ © s-{wpry}{¾u{  wf-i}try}­:utpr£&imy © wf-im}xp  &°¿²s-hi&xprut
wi¤w+kuxi
|Xi& © y}xhi  pz{  prhmi{pzyN{@À~ÁqÂÁ-ÃÁÅÄÆ ¥ p§wxf ª hi&xpru{wqtziki&~+f:u{-Ni²y}|-wpry}{°Çe1f-i&3f-y ¥ wxfu!w
yNs-1wfi&y}xiwxprutVy}  ix1uxik|-xy}­u}­-tz|Xixpzhpvwxpr}°
ÈDÉ[ÊVËxÌÍ !Î
} ª hmipv&u}{6y}|~wxpzyN{D|-pvpr{-:ÁXÏ¯|~wprhutnqwy}||-pz{ÁXn~{-i&trti{[¼Ni&try}|Xi}Á-¢[su}{Nwxpz£¤u!wxpzyN{$y ©
+u{  y}hÐ¼!uxpvu­-tri
ÑUÒÓ½Ô Õ}Ö×½ØkÙÚ+Ô¸Ó½ÛÇÛ¨ÜÝ½Þàß+áàÛÜ
Ùkâãäå-æ8ç½æºè
éBæêâÖ½ëìêí@Ú+Ô¸îvïqð!Ú+î¸î ñ!ò
óóÞÖ áKØ½ôKôJÔ¸ÛØ[Ö õzÞö ÒÓ½Ô Õ}Ö:÷Ú+ÞàÔ¸ôø¤ÖXë-ìêí@Ú+Ô¸îvï~ù³Ý!Úò
óóÞÖ áKØ½ôKôJÔ¸ÛØ[Ö õzÞÖú ÒÓ½Ô Õ}Ö:÷Ú+ÞàÔ¸ôHûü¤ÖXë-ìêí@Ú+Ô¸îvï~Ý½ÞàÔ¸ÓÜJÛíô¨ò
Ø¤Ó½Ô ÕìvÝ!Ú+ÞKÔ¸ôûü¤Ö õrÞÖ
   
$   "6 
	$%k	& " 3Ð*	
¯*&k
	
 *& %13"	$. 1	%	$. .#$ "6$	1
%U	!.
     ¿@y}s:|-xy}|XyNy}{ks{-iahwxf-y  i  i3¢[su}{[wpz:&uwpry}{ u  u}|~wiDt ¼½u}tzs:u!wpry}{¾i&w6tru
&y}s-¼Ni&ws-xi   y}|~wxpzyN{uh&xprupr{-iUs-  i|u}{-pzix   u}³wxp © U{u}{pri&+°Htrtri¯xi&|XyNi²s-Utri¯utvs-t
  s-{Nxu}{  {-yNh­-xi   i|xu}{i¤
&y}{  p§wxpzyN{-{-i&trtri|u}Ç|-y}iwpry}{  iwxxuiwy}prxi  itvu  p§´VspzyN{
s-  i¤1}xpztrtzi¤y}|~wxpzhutri&hi{Nw  pv|:y[
i|:yNs-hpz{pzhpvit i&xis-µà¢[su  xuwpv¢[s-i¯hy!Ni&{-{-i½¶Uu}pz{:p
&y}hhpri¯µ· N¤¹º¶³°! @{|y~"  Uu}tzNy}xp§wxf-hpr¢[s-iH|Xy}s
&y}{wxs-pri  iUwxi&trtzi¤Nprtztriiw
i&~|-tzpvpzwN°¿²y}s
© yNs-x{-prxy}{  i¬#s-tzwxu!w+ks-kt yN  i   u|-|-xy½~pzhuwpry}{Qi{ © y}{:³wpry}{  itvu3#&Ns-tru}pzw  it u}wp ©
&y}{[wpr{-Ni&{[wµº|u½[¦8y´U¶iw  itrumw+uprtztri}try}­u}tzi  i¤}xpztrtri°%$²i¤1wi¤w+{qs-h&xpr¢[s-i¤@y}{[w¤utrpr1i{
 pzhi&{:pry}{kÀ~ÁÅÂ:ÁBÃ-ÁÄÆu½¼}i¤  i¤¯yN|~wpry}{:¯u}h&pv&u}pz{i   ¤+fu{}i}°('i¤²wxiwx¬hy}{[wxi&{[wk¢Nsi>tri
i¤wxpzhuwpry}{   i&xxi&s-wf)&y}xpv¢Nsiy}{[w¼[+upvxih­-tvu­-tri&hi{Nw|:i¤prhmpvwi°
* Í ¤ Ë 	+   -, ¼!u}tzsuwpry}{   y}|~wxpzyN{@uhpv&u}pz{-iNÁ~ux#.i&w1yN|~wprhutJÁ-i&{q¼Ni&try}|-|Xi  inq{-i&trtJÁ:¢[su{[wxp§-¦
u!wxpzyN{  ik¼Ni³wxi&s-+ut/uwyNpzxi
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 
9 : >$%U	
e1fiuprh y © wfpr²|u|Xi&pv1wy3|-i¤i{[wÁqwyaws  $u}{  wywxiw²u|-yN­u­pztrprwpv¬hiwfy $© yN@|-xpr&pz{
u}{  f-i  }pr{- ª hipv&u}{ wqtriQy}|~wxpzyN{yN{ hs-tzwp  prhmi{pzyN{ut¯­u}®}i&wxy © wxxu  i  uNiw+&°e1f-i
uNiw  q{u}hpr © y}trtzy ¥ u<;}¦  pzhi{pry}{:ut  pz´Xs:pry}{6hy  i&tB­Xiw ¥ i&i{3wxpzhiÆu}{  umhu!wxs-xp§wwxpzhi
=° ¡ i²i¤|Xi&pru}tztr © yq&si  yN{autvu}xprut-i&[wxi&{pry}{ay © wf-i?>tvu}+®,@n~+f-yNtzi¤Hhy  i&tXpz{ ¥ f-pv+fwf-i
¼Ny}tvu!wxpztrp§w3hu½  i&|Xi&{  yN{$wf-iuNiw|-xpvi°BA²y ¥ i¼}iÁ~utvux}ik|uw@y © wfiutr}y}xpzwf-hpv¬uN|Xiwx
y © wxf-pr@|u|Xi&@u{$­:iu}|-|-trpzi  wxyhmyNikNi&{-ixu}tXhy  itr°
Hxpvpr{-u}{ ª hi&xpru{DyN|~wpry}{Dpr{Fua&y}{[wpr{qs-y}swprhmiQu}®Ny!¼a|-xyq&ixDCE7F4G FIH1J K'L MN &y}{pvw+@pr{
y}tr¼qpz{¯wxf-i@yN{[wpr{[sy}s
wxpzhiy}|-wprhu}twy}||-pz{|-yN­-tri&h xi&tvu!wxi  wyu}{>yN­w+u}&tzi1|-xy~ix°±¨{wfpr
|:u|Xi& ¥ iu}i>pz{[wii¤wxi  pz{POQux®}y!¼qpvu{RQ¬yN­w+u}&tzi¤¯y © wxf-i © y}xhTS F U CSRCV%WE F G ¥ f-pv+f u}i>wf-i
hy[w²&y}hhy}{-tr&y}{p  i&xi  y}{${u}{pvuthu}®Niw+&°y}s-Nf-tr|:i¤u®qpz{Á~wxf-i&xiuxikw ¥ ymwq|Xi@y ©
{qs-hipv&u}tXhi&wf-y   © yN1wf-pv|-s|XyNi-X
Y[Z pr+w¤Á@yNhmiF|-s-xi&tr  iwihpr{-pvwxprQu}|-|-xyNuN+f-ia&y}hpr{- © xy}h¿@s-hi&xpv&ut ª {u}tz~prX wf-iy}trs~wxpzyN{y © wfi²y}|-wprhu}tXwyN|-|-pr{-|yN­-tzih u  hp§w+ui|-xii&{[wxuwpry}{,\$CV%W]E F G ¥ f-i&xi^\uwpv:iUu
|:u+u­Xy}trpr¯¼!uxpruwpry}{u}tXpr{-i¤¢Ns:utrp§wN°nqyÁqwxf-i¼!uxpzyNs  pv&i&wpr£&pr{-mwi¤+f-{-pv¢Nsi1trpz®Nik{-pzwi  pz´Xii{i
yN²:{-p§wxii&tri&hi&{[whiwfy  ¯qpri&t  u}{«u}|-|-xy½qprhu!wxpzyN{Dy © wxf-i © s-{³wxpzyN{_\Quw  prxxiwxi>|Xy}pr{[wx¬y © u
xi&Ns-tvu@wxpzhi&¦8|u}&i>Np  µKii<`*a b$a· N¤¹ © yN¬u}{«u||-tzpv&uwpry}{Fwy6u3¼!u{pztrtru|-s~wky}|-wpry}{FyN· c½¹ © yN¬u
hyNiyNh|-if-i&{:pr¼}ikwxs  -¶³°
Y n~iyN{  tr}Á@y}hiD|-xy}­u}­-prtzpvwxpr6hi&wf-y  ­u}i  yN{ wf-i  [{:uhprQ|-yN}+uhhpz{ © yNh>s-tvuyNky}{«wf-iau}|-|-xy½qprhu!wxpzyN{Qy © wf-iQµàtzy ¥ iw+¶¯y}|-wprhu}tHwxy}|-|pz{-$wxpzhi}°±¨{ Ä¦  prhi&{pzyN{BÁVwfihmy[w
|Xy}|s-tru}u|-|-xyNuN+fDwy ª hmipv&u}{FyN|~wpry}{ |-xpr&pz{-6u{  f-i  }pr{-$ihupr{¯wf-iprhm|tzihmi{[wxu!wxpzyN{«y ©
wxf-i  q{uhpv|-xy}Nxu}hhmpr{- © yNh>s-tru3y}{ u.>pz{y}hpru}twxii}ÁÅyNpr}pr{utrtrpr{-pzwpvu!wi  ­q 'y½q¦8@yNx^@
@s-­-pr{wxi&pr{u}u{i&tri&hi{Nw+ux¯u}t§wxi&x{u!wxpz¼Niwxy²yN{[wpr{[sy}sVwxpzhi#>tvu}+®?@ n~+f-y}triBhmy  itK°dA@y ¥ i&¼Ni&¤Á
triwshi{NwxpzyN{­:i © y}xiÇwfiUhu}xpr¼}i  i&¼}itzyN|-hi&{[wBy © Fu!wfi&hu!wxprut Z pr{u{:i}ÁwfiU|-pry}{-ii&xpz{ ¥ yN®­qPeksf-{-i¯pr{gfcih-h6µKii·¸j!¹u}{  u}tryQ·¸c½¹º¶@pr{ ¥ fpr+fDwxf-iQux®}y!¼$+fupr{Fu||-y½~prhu!wpry}{ ¥ u}
:xwpz{[wxy  s&i  Á~pr{trs  pr{-pzwxtrpr{-®~ ¥ p§wxfwxf-ik{-pzwi  p§´Vi&xi&{&ihiwfy  °
e1f-i¤ihiwxf-y  u}i¢[s-p§wxiikapri&{[wkwy6fu}{  trim¼!u}{-pztrtvu ª hi&xpru{ y}|~wxpzyN{¬y}{¾u$pr{-}triu}xi&w
­s~w1wf-ia¢Nspr+®qtr­:i¤y}hi¬pz{[wxxuN³wxu}­-tri¬uNHwxf-ik{[sh­Xi&1y © wxf-iks-{  itrqpz{muNiw+Upr{xiuNi¤&°! ²s~¦
u}tztr}Á}{[shmipv&u}t~hiwfy  Ç­:i¤yNhmi1pr{-ika&pzi{NwH­Xiusiwf-i@|uNi1}xp  Çuxi­-spztzwUxi&Nu}  tzi¤y © wf-i
 prwxpz­s~wpry}{y © wf-iku}xi&w|-xpvi°e1f-i¬xuhi¯|-yN­-tri&h y~&sx © y}{-pzwiwxu!wxi¯Qu}®Ny!¼>+fu}pz{$u|~¦
|y½~prhuwpry}{DOtvuDeksf-{-i&!Q!° Z yNHwxf-i²wxf-i²i&qwi&{:pry}{ay © ­-pr{-y}hpvut:wxi&i  pz{[wy>hs-tzwpr{-yNhmpvutwxi&i¤&Áwxf-i  pk&s-tzwFyNhmi¤ © yNh0wf-i}iy}hiwxpvfu}|:imy © uawxiim&y}h|u!wxpz­tzi ¥ pzwf¾utrtwxf-i  prhmi{pzyN{
u}{  y}xxi&tvu!wpry}{$yN{wxxu}pz{[w+&°
±¨{¾wxf-i|u}wxii{[w}iu}xÁVwfia|-xy}­-tri&h Nu½¼}im­-prwxf wyQu{¾i&[wxi&{pr¼}itrp§wxi&+u!wsipr{ yN  i&kwy
y!¼Ni&+yNhmi@wf-i  prhi&{pry}{u}tzpzw|-xy}­-tri&h6° ª trtÅy © wf-ih {u}tztrtriu  wyy}hi¯{-pzwiwxu!wxi  [{:uhpr
|yN}+uhhpz{-Du}tzNy}xp§wxf-h ip§wxf-i&mpr{ p§w+  pzxiw © y}xh y}wf-xy}s-Nf¾wf-i­u}+® ¥ u  u|-|-xy½~pzhuwpry}{
y © wf-i¾µºtry ¥ iw+¶kyN|~wprhut1wxy}|-|-pr{-FwprhmiN°¾±¨{ · j¹JÁl>1u}+u}¢[su}{Nwm@ Fuwpr{-iu}s uFs-­~¦8y}|~wxpzhut¬Ä¦
 pzhi&{:pry}{u}tH|-xy}­-tri&h pryNtz¼Ni  Xpzw>u}hmyNs-{[wxkwxyD|-xyq&ixu}p © wf-i3y}­wxuNtri|-y~&ixkp§w+it © fu 
wxf-iQux®}y!¼6|-xy}|Xi&w}°>±¨{ · }!¹JÁwf-iutr}yNpzwfh  i&¼qpvi  ­qny}{-[w+u!´g@ n~+f ¥ uw£mprk­uNi  yN{
&y}{  p§wxpzyN{ut
i~|Xi³w+u!wxpzyN{Fu|-|y½~prhuwpry}{D­qDxi&}xixpzyN{BÁspr{-u3{-pzwitvu}x oqp]CE F G²y © +u{  y}h
¼!u}pvu­-tri  ipr¼}i  © xy}h uPOxyqywrQ © uhprtzsCoqpIG³° ±¨{ · jN½¹8Áep§w+pr®qtzpv@utHu{ y! siDu prhpztvu
p  i¤u>­s~w © y}@uhy  pzi  Qu}®Ny!¼mw+u{p§wxpzyN{B°Ç±¨{¾·fvf¹8Á>xu}y  pziw@yx¬truNi&xhu{-{}i&{i&+u!wi¤yNhi
éé Ó!z{%{ø%|
j   !0(0 )5	
#%
(	 /5
+u{  y}h Np  HuwHiuN+f>wxpzhi²wi|au{  &y}h|-s~wxi²yNhi@y}h|u}{-pry}{ ¥ ipzNf[wxspz{yNhmi@wxuwpvwxprut
p  i¤u}1­uNi  yN{3wxf-ipzh|Xy}wxu}{ixuh|-trpz{-mwxf-i&yNih$°
Z pr{utrtz pz{ ·¸}¤¹¬u{  ·¸½¹ Z y}s-x{-p/Diw3u}tK° pr{-pzwpvu!wi  u {-i ¥ u|-|y[u}+fBÁ­u}i  y}{ Qu}tztrpru½¼qpr{utvs-trsÁ½wy¯wf-i1yNh|-s~wxuwpry}{>y © &y}{  pzwpry}{:utqi~|Xi³w+u!wxpzyN{u}{  y © wfi&pr  i&xpz¼!uwpr¼}i ¥ pzwfxi|Xi³w
wxy$u|u}xu}hmi&wi°e1f-pv¬tzi¤u  ²wy6u3|s-iDyN{Nwxi 'u}tryahiwxf-y  °/npzyN{¬u{   &N{-pzi¯pr{ · N½¹Çsi
wxf-ixuhiu|-|-xyNuN+fwy|pviu{  wxyay}h|-s-wiDx¬ii&®~ © y} ª hi&xpru{$y}|~wxpzyN{&°
±¨{wxf-pvU|u}|:iÁ ¥ i²|-xy}|XyNi@u|-xy}­u}­-prtzpvwxpr@hmi&wf-y  ­:u}i  yN{}xp  Utzpr®}i²pz{wxf-i²yNpr}pr{u}t~{-pzwi
wxuwiQu}®Ny!¼m+fu}pz{6u||-y½~prhu!wpry}{3hmi&wf-y  ° Z prxw ¥ iwxu}wu}ssutÅ­q3uwprhi  pv&i&wpr£u!wxpzyN{y © wxf-iuNiw@|-xpvi|-xy~i¤uwwprhmi¤^V U = W .U ÆW'a'aaW u}{  Áp © {-i&ixu}NÁ ¥ ipr{[wxy  si
wxf-i(Us-tzi+f-ihiy © wxf-i  p§´VspzyN{Q|-xpr&i|-xy~ixµKwxpztrt  i&{ywi  E6F © yN¬u ¥ f-pztri¤¶°?>s~w ¥ i ¥ prtzt
{yw+fy[y[i²wf-i¤i¯}xp   "$%
!%
 ° ¡ i ¥ pztrtVsi¯yNs-u}­-pztrpzwwy>prhs-tvu!wxi²tvux}i²xuh|-triy © wxf-iku}xi&w
|pvi  pz´Vspry}{|y~i¤ Y y}UuwUtriu}wHpzwx Us-tzix+f-i&hi Y wxy|-xy  si¯u!wHiuN+f  pv&i&wpr£u!wxpzyN{wxpzhiVmuNp  ¥ p§wxfQu}pr¼}i{6pr£&i>fu½¼qpr{-wfi © y}trtzy ¥ pr{-|-xy}|Xi&w6Xwf-i&tzy[i¤w@{i&pr}fq­:yNs-xs-tzi
|y}i³wxpzyN{! vCE6FGHy © E6F¯y}{[wxywf-i¯}xp   prHwf-i²wf-i¯­:i¤wUtriuNw¢[su}i@u}|-|-xy½qprhu!wxpzyN{>y © E7F
u}hy}{- !0(0R!6-!#"!]&'	 !5%$ s+f$wf:u!w& $ C(' G)& U  °H¿²u}hmitz
* E F +, !  C)-E F G */. U1024365 * E F 7+ $ */. &%W $ '98;:<$W7& $ C=' G>&@?A B a
±¨{ yNhmi>i{i ¥ i ¥ pztrt
|-y  s:i>u}{  wxf-i&{«simu!w¬iu}+f6wxpzhiwxi&|Dwxf-im­:i¤wk|:y[pr­-tzi}xp  y ©
pr£&iC	¬wymu|-|y½~prhuwi1wxf-i?;}¦  pzhi{pry}{:ut+u{  y}h ¼}i¤³wyN#E6F~° Z y}f-prwyNpv&u}txiuNyN{U&y}hpz{© xy}h±¨{ © y}xhuwpry}{e1fi&y}x}Á!  CE6FGpv
y © wi{>utrtzi  wfi "$	
(,0$'!	
 y © E6F~°e1f-i1xis-t§wxpz{
ixy}­:yNs-{  * E F +!  CE F G * . pv&utrtri  wxf-i1tzy ¥ iw
¢[su  +u!wpvHhi¤u{¢Ns:u{[wpr£uwpry}{ixy}
u{  fu}
­Xi&i{iqwi{pz¼Ni&trpr{[¼NiwprNuwi  pr{3nqpzN{utHy~&ixpr{-u{  ±¨{ © y}xhuwpry}{e1f-iy}x © y}HhyNi1wxfu{3}
Niu}x@µ· }!¹Vy}hmyNi¯i¤i{Nwxtz$·¸}¤¹º¶³°H¿¯uhi&try}{-i@®q{-y ¥ Uwf:u!wpzw1}yqiHwy>Æ>u}D  Ny[i¤Hwxypr{~{-pzw
uw@uE,C=GFCHI Gxuwi}°
Ç-&i&|~wpr{ y}hi|Xi&p§XÄ&¦  pzhi&{:pry}{u}t
u}i¯y © tzpzwwxtzi{qs-hi&xpv&ut
pr{Nwxi&xiwÁB{y$&tzy[i D© y}xh
pv@u½¼!uprtvu­-tri © y}1wfi}xp   wxfu!w²|y  s&iwxf-iy}|-wprhu}t¢[su{[wxpz£i&¤Á~{-y} © yNwf-ipz{  si  try ¥ iw
¢[su}{[wpr£u!wxpzyN{Qi&xxy}¤°¯±¨{ © u}³wktrp§wwtrimpv¬®q{-y ¥ {Qy}{Fwf-im}iy}hiwxpvwxsws-xiy © y}|~wxpzhu}t¢[su}{[wpr£&i&
Np  pr{$fpzNf-i&  prhi&{pry}{B°lA²y ¥ i¼}i&¤Áqw+uwpr{- © yNhÐwf-ipr{[wi}+utVi|-xii&{[wxuwpry}{
* E6F+,  C)-E6FG *)J. U9KMLN0	243O H  & E6FC+QPR& J>S
¥ fpr+f pv¼!utrp  © y}>u}{qF}xp , u{  s:pr{-Dpzwx>i}s-tvuxp§wF|-yN|:iwxpzi¤u}>u{ utrhyNwi&¼Ni&x ¥ f-i&xi
 p§´Vi&xi&{[wpvu­tzi$µà[hhiwxpv¶ © s-{wpry}{«y ©T ÁÅyN{-ihu½6prhm|tzihmi{[wkuwxyq+f:u}wpv}+u  pzi{Nw  ixi{Nw
wxfu!w¬y}{q¼Ni&x}iUwyyNhmi Y uw@tzi¤u}w@tzy~utrtz Y y}|~wxpzhut¢Ns:u{[wpr£&i° Z s-wf-ihy}xi}Áqwxf-i|-xy~i  s-xiqpri&t  ¬u}¯­[[¦8|-xy  s³w+wfiVU !6!
 &! "
!P"!	 '5 y © wfi>Np D¥ f-pv+fFuxipr{q¼}yNtz¼Ni  pr{
wxf-i¬|-pvpr{-my © wxf-i ª hi&xpv&u{y}|~wxpzyN{«µKii¯­Xi&try ¥ ¶³°Hnqprhs-tvu!wxpzyN{kµài&iki¤³wxpzyN{:¶U&y}{~:h ¥ fuw ¥ u}
i&~|:i¤³wi  XwfiyN|~wprhut1¢Ns:u{[wpr£&i}xp  }i&wxmy}{:i&{[wxxuwi  uw>£y}{-i¤f-i¤u½¼qpztr ¥ i&pr}f[wxi  ­q wf-i
 p§´VspzyN{$|y~i¤°
ª wwfprwxu}}iawxf-i$wprhi  pvxxiwpr£uwpry}{ y}{:pvw+pr{ u|-|-xy½~pzhuwpr{-Dwfi$yNpr}pr{u}t ª hipv&u}{
yN|~wpry}{ ¥ pzwf |u½}y}´ CSRCV%WE6F G4G KXWZY F\[$M ­q pzwx$y}¦8utrtzi  >i&xhs  u &y}s-{[wxi&x|uwwy ­:i«i~i&+pvi 
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 
i&-trspr¼}itz u!w  prxxiwxiDwprhi V*W  U ÆW'a'aaWÇ° ±8wpv3tvu}xprut@­uN+®q}xy}s-{  wxfu!wwf-i{ wf-i
wxf-i&yNi&wpv&u}tU|-xi&hprs-h prwf-i$xis-t§wmy © uF­u}+® ¥ u   [{:uhpr3|-xy}}+uhhpr{- © y}xhs-tvu-°¾Ï¯s-mu}t§¦
Ny}xp§wxf-h prh|-trFyN{pvwx¯pz{ i|-tvu}pr{-3wf-i+u{  yNh ¼!uxpru}­-tzi¤?E7F­q6wf-ipzkyN|~wprhutÇ¢[su{[wpr£&ix-E7FG U @  CE6FGu{  wf-i{ wy ¥ pzwi  y ¥ { wfpr>­u}+® ¥ u  |-y~&i  s-xi/Opz{  prwxpz­s~wpry}{RQ°«e1f-i
¥ i&pr}f[w+Uwxfu!w²u}|-|Xiu+uxi¬®[{y ¥ { © xy}hÐwxf-i}xp  yN|~wprhpz£¤u!wpry}{$|-xy~i  s-i  i¤&pr­Xi  u­Xy!¼}i}°
e1f-ikiyN{  |u}wy © wfi¯|u}|:ipv  i&¼Nywi  wymu{ai&qwi&{:pr¼}i²ws  y © wxf-i¯+u!wxi@y © &y}{q¼}iNi&{&i
y © wf-pvu}tzNy}xp§wxf-h»u © s{³wxpzyN{ay © wfi¯u}s-+u}&y © wxf-iwxpzhi  prxxiwxpz£¤u!wpry}{Dµ=% ¶Çu{  y © wf-i@wyw+ut
{qs-h>­:i   U Ä    
	Fy © '0','	 ! '! 	
'5 si  wyD|y  s&iwf-iasixpz¼Ni
yN|~wprhutÇ¢[su{[wxpz£i&²Np  ¯y}{«iu}+fQwprhmitvu½}i° ¡ im|-xy}|XyNi>u}{Fy}|-wprhu}t|-y~&i  s-xiwxy  pv|u!w++f
+"$%
%
 wf-i¤iQ : < ¦J¼!u}tzs-i  ¼}i¤³wyNxu}hy}{-¾wxf-iFtvu½}ixu}{  ¥ i  i&xpz¼NiQyNhmiFi&xyN­:yNs-{  
 i&|Xi&{  pr{-$y}{Dwxf-imhmi¤u{F¢[su}{[wpr£u!wxpzyN{Qi&xxy} ¥ f-i{Qwxf-i>|:u½}y´ pr?nBpr|x+f-pzw£y}{[wxpz{qs-yNs&° ¡ f-i&{
wxf-iU¢[su}{Nwxpz£i&Åy © i¤u}+fktru½Ni&ÅpvÅy}|-wprhu}t ¥ iÇy}­~w+upr{ku}{u1|-pry}xp!i&xxy}Å­Xy}s-{  Åy © wfi © y}xh,C F  J lC=  G F HI G ¥ f-pr+f6&u}{6­:iprh|-y!¼Ni  µÄkpz{:wxiu  y © Ä}À ¥ fi&{$wf-i|:u½}y´Dpv@i&hp§¦¨yN{q¼}i¶°
e1f-i{ ¥ i  i¤pr}{u}{cu}|-|-xy½qprhu!wxpz{- '!	
 )
(i)[5%	!	 I)  © y}trtzy ¥ pr{- wf-i/p  i¤u}6­q
Z y}trtzhi<@ n~y}{  ihu}{-{ y}{ pz{:y}h|-triwxihu}®Niwx° ¡ i$u}ipz{ |:y[pzwpry}{/wy  i&xpz¼Niy}hi$i&xyN­Xy}s{  Á&u}tztri  0&]0 5%
!0 %
 5r5 °ey|-xy  sikwxf-iii&xxy}­:yNs-{  Á ¥ iy}h>­-pr{-iyNhmihi&wf~¦
y  @­:yNxy ¥ i © xy}h ii¤³wxi  >1u}+® ¥ u  n[wxyq+f:u}wpv $²pz´Xii{[wpvut U¢[suwpry}{De1f-iy}x}Áu}{utr[wpv&ut
|°  ° i}° wi+f{-pr¢[s-i¤au{  ¢[su}{[wpr£u!wxpzyN{/wxf-i&yNN° ¡ iDNiw3u¾NtzyN­ut1+u!wiDy © &y}{q¼}iNi&{&i © yNwf-i
fi  Npz{-w+u!wxi&} ¥ fpr+f6ii&hwy­Xikwfikxwy © wfuw@®qpz{  °
e1f-i«truNw$|uwy © wf-i«|u|Xi&$pv  i¼}ywxi  wxy wxf-iFi&q|Xi&xprhmi{[wxut¬¼!utrp  u!wpry}{ y © wf-i«hiwfy 
yN{ hs-tzwpz¦  pzhi{pry}{:ut ª hmipv&u}{ i-+fu}{-}iDyN|~wpry}{3y}{µºNi&yNhmi&wxpr¤¶pr{  i pr{ u wxu{  u  ;¦
 pzhi&{:pry}{u}t >truN+® @»n~+f-yNtzi¤1hy  i&tJ°
ª &y}hhy}{ © u}way © hmy[wa|yN­u­-prtrprwpv$hmi&wf-y  3u|-|-trpri  wy¾wxf-i ª hipv&u}{ yN|~wpry}{ |-xy}­~¦
tri&h prpr{«wf-iau}|-|-xy½qprhu!wxpzyN{Qy © wf-ia&y}{  pzwpry}{:utÇi~|Xiwxu!wxpzyN{kprhm|tzpri  ­qQwfin~{-i&trtHi&{q¼Ni&try}|Xi
© yNh>s-tvu!wpry}{ y © wfi|-yN­-tri&h µIh!N¶° Z yNi-uh|-tri}Ápz{ · }½¹8Áwf-iau}s~wf-yNx&y}h|-s~wxi  s+f y}{  p§¦wxpzyN{utVi&q|Xiwxuwpry}{$­[3hmi¤u{y © triu}w¦¨x¢Ns:uxiHxi&Ni¤pry}{ayN{um­u}pvy ©¥ i&trtÅs-pzwi  |:yNtzq{-yNhmpvut
© s{³wxpzyN{&° nqs+f hiwxf-y  fuNwfi«u  ¼½u}{[wxuNiy © wf-i«i}s-tvuu|-|-xy½~pzhuwpry}{ hmi&wf-y  $u{ 
wxf-i  xu ¥ ­:u}+®~y © wxf-im}try}­u}tu||-y½~prhu!wpry}{Dhi&wf-y  ° Z yNh ua{qs-hi&xprut
|:yNpz{[w¬y © ¼qpri ¥ ÁVy}s-hi&wf-y  pvuFNp  hiwxf-y /¥ fpr+f xi&trprimy}{ wxf-iDu|-|y½~prhuwpry}{ y © wf-i6y}trs~wpry}{ ­[¾|-pri&i ¥ pvi
&y}{wxu}{[w © s-{wpry}{°Ç±8wx|-s|XyNi²pv&Á~uNpzw1pr1yNhhmyN{awxymu}tztX|-xy}­u}­-pztrpvwxpr²hmi&wf-y  ÁqwyyNh|-s~wi
u¯tvux}iU{qs-h>­:iy © &y}{  pzwpry}{:utqi~|Xi³w+u!wxpzyN{u}tzyN{-@wxf-i1|u!wxf>y © wfi1uNy~pvu!wxi  pz´Vspry}{>|-xyq&ix&°
e1fi@hupr{  p§´Vi&xi&{:i ¥ p§wxfwf-i¬+fi&hipz{F· N½¹:pvÇwxfu!wp§wUpvUutzy~&u}t-­-s~wpzxxi&}stru}Hu|-|-xy½~pzhuwpry}{
x+f-ihmiN°
¡ i ¥ prtzt|-xii&{[w{qs-hi&xprutHxis-tzwx ¥ fpr+f¾wxi&{  wxyFfy ¥ wxfu!w ¥ fi&{ wxf-ia}xp  u}iyN|~wprhut
µàpz{ wxf-iQ¢[su  xuwpv$¢[su}{[wpr£u!wxpzyN{ i&{:i½¶³Áwf-i«|uwpvutyN  iy © yN{[¼Ni&x}i{i$pra­:i&wwiwf:u{ pr{
s:su}t}xp  hiwxf-y  &° e1fpr+u!wxi}Á­:i&wwiwf:u{ i~|Xi³wxi  Á1hu®Nims-| © y}wxf-i  +u ¥ ­u}+® y © u}{
prxi}s-tvuu}|-|-xy½~pzhu!wxpzyN{B°Fe ¥ y«i&wwpr{-[fu½¼Nia­Xi&i&{ itzi¤³wxi ¾© yNmpzh>s-tvu!wpry}{ XOpr{~¦Kwxf-i¦8hy}{-i Q
u}{  Oy}s~w¦Jy © ¦Kwxf-i¦8hy}{-i Q!Á­XywxfFpr{«i&¼Ni&+ut  pzhi&{:pry}{?; U À1W~Â W-ÃWBÄ¤Æ-°¯e1fi>xis-tzwx¬f-y ¥ wxfu!w
&y}h|-s~wxi  |-xpr&iÇuxihmyNiuN&sxuwi&trpr{wxf-i1+wHiwwxpz{µ ¥ p§wxfu¯huqprhut~ixy}Çu!wÇhyNwÇy ©
pr{ ÄÆ!¦  prhi&{pzyN{:¶³°Çnqs+f$­Xi&fu½¼qpry}s-i&i&hwxy>­Xii~|-tvupr{-i  ­q3um­-pzN}ii&´Xi¤³w@y © wf-ik{qs-hi&xpv&ut
pr{&y}h|-triwi{-ix1y © wf-ihu}®Niwpz{$wxf-ipz{-¦Kwxf-i¦8hy}{-i3i&wwxpz{-:°
éé Ó!z{%{ø%|
   !0(0 )5	
#%
(	 /5
ª hmyN{->wf-iku  ¼!u}{Nw+uNiÇy © wf-i¬tryqut © iuws-xi²y © wf-ik¢[su{[wxpz£¤u!wpry}{au}|-|-xy½~pzhu!wxpzyN{hiwfy  Áqu
|yNhmpr{-i{Nwy}{ipv
wfuwÇp§wÇ{uws-+utrtzktriu  wykf-pr}f-i
yN  i&u|-|-xy½~pzhuwpry}{y © wxf-i1|-xpr&ipr{q¼}y}tr¼qpz{
wxf-i|uNi  i&xpz¼!uwpr¼}imµêwxf-if-i  }pr{-[¶°ke1fpr¬pv  i&¼}itzyN|:i  pr{/· !¹8° ª i&y}{  u}xi&w¯pv²wxfu!w ¥ f-i{
wxf-i  pz´Xs:pry}{|-xy~ixpvÇu © s-{³wxpzyN{y © wf-i^>xy ¥ {-pru}{hywxpzyN{tzpr®}i1pr{>wxf-i >tvu}+®D@ n~+f-y}trihy  itKÁ
yNs-¬hmi&wf-y  p © yNhm|tzi&wi&trD|u}xu}hmi&wi © xi&iu{  utrt&y}h|-s~w+u!wxpzyN{k&u{«­:im|Xi& © y}xhmi  yN{i>wf-i
yN|~wprhutB¢[su}{Nwxpz£¤u!wxpzyN{y © wfiD>xy ¥ {-pvu{hmy}wpry}{$fu}1­Xi&i{Du}+f-pri&¼Ni  °
   $ 	&.B	'2$*
¡ iDyN{p  imu«hux®}iwmy}{ ¥ f-pr+f uxiawxxu  i  ;¾pv®[ uNiw+<E  W'aa'a'WE < u{  u  iwxi&xhmpr{-pvwxpr
xpv®qtrixu}xi&w,E KF  U ` F W : ­Xiw ¥ i&i{ wprhi V  U ÆFu}{  wxf-i3hu!wxs-xp§w wprhi =	 Æ°¾Ï¯{-i
wq|-pv&u}tÅhy  i&t © yN1wf-i|-xpvik|-xyq&ixy © wf-ikxpr®q3u}xi&wx1pvwf-i © yNtztry ¥ pr{-  p§´VspzyN{$hy  it
;*E pF U E pF

 q;-V    p  C` F  F E7F G; F W E pK  U pK  ÆW1Ä ?T? ; µ f¤¶
¥ fi&xi  U C  W'aa'aW  G3prDu w+u{  u   ¦  pzhi{pry}{:utw>xy ¥ {-pvu{ Qywpry}{  i:{-i  y}{<u|yN­u­-prtrp§wa|u}&iC='?W! W#"^G@u}{ 
  : < + 8%$ C;'&  G pv@um­:yNs-{  i  u{  nBpr|x+f-p§wx£y}{[wxpz{qs-yNs&° µK}¶
e1fiatzw+u!wxpzyN{ y © pr{Nwxi&xiw ¥ prtzt­Xi3wxf-i3{uws-+ut¬µà&y}h|-triwi  ¶t§wxxuwpry}{(  U C)(+*F G FIH1J KL MN y © E
µ ¥ f-pv+f6&y}pr{p  i¤ ¥ pzwf6wxfu!wy © wxf-iD>y ¥ {-pvu{hywpry}{6u}yqy}{6u} , vC P6G- Æ © yNi&¼Ni&x PX¶³°Z y}{ywxuwpry}{u}tUyN{q¼}i&{pzi{iNÁ ¥ i ¥ pztrt  i&{-y}wi/.CP$G  U $²pvu$C P6G  C P6G³°F¿²ywxiwfuw0.u}{  wf-i p © w21!C P6G U P/u}inpz|x+f-pzw£ywxfu!wu$s-{pr¢[s-iawxy}{-Dy}trs~wpry}{ i~pvw+ © y}aµ4f¤¶¬y}{ C='?W3!W#"^G°
Z s-wf-ihy}xi}Áqpzw@pr²tvu}xpv&u}tX­:u}+®q}xy}s-{  wfuwÁ © yNi&¼Ni&x5476<ÄNÁK98;: C=<>?FIH1J K'L MN & E6F)& @GBA  @ CÄ  &  K!& @vG%a
e1f-i  prxyNs-{[wi  |-xpr&ik|-y~&ix0CE F  U ` F  F E F pvwfi&{Dum|:y[pzwpr¼}iD"¦Jhu}wxpz{-[utriuwpv © qpr{-
;ECE6F U .CFCE6F G%a ; F WDCE6K  U K-a µàN¶"cpvUwxf-iy¦¨&utrtri  %
 5,61	0 |-xy}­:u­-prtzpzwpz{DQuwf-ihu!wpv&u}t Z pr{u}{i¯wihpr{-y}try}N}° ª 1try}{-u}/GU ;Á!wxf-issut-&y}h|-triwxi&{-i¤
y © wf-ihu}®Niw{-i&ixu}prtz © u}pztv&°qA@y ¥ i&¼Ni&¤Á © yNh {qs-hi&xprutq|Xy}pr{Nw
y © ¼qpri ¥ ÁNwf-pvHf:u}Ç{-ypr{ si&{&i@y}{wxf-i@prhm|tzihmi{[wxu!wxpzyN{y © wf-i¯¢Ns:u{[wpr£uwpry}{hiwfy  wxyyNh|-s~wi
wxf-i|-xpr&iy © wf-i  i&xpz¼!u!wxpz¼NiX ¥ iks:w>&y}h|-s~wxiauH"¦8|-xpr&i}° ¡ f-i&{ &y}hpr{-$wy6wfi|-yN­-tri&h y ©
fi  Npz{-wxf-ii  ipr¼!u!wxpz¼NiÁ~wf-i{DwfiyNhm|tzi&wi&{ix@u}xshm|-wpry}{D­XiyNhi@&s&pru}tu{ 6¥ pztrttriu 
s:²wxy$uNs-hiwxfu!w  U ;Du}{  wxfu!wkwfi  pz´Vspry}{ yqika&pzi{NwI.CP$G¯pr¬pr{q¼}i&wpr­-trii¼}i&x ¥ f-i&xiyN{
C:	J G < °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 h
¡ f-i{  U ;$u{   CP$G   $ C; & ;iG³Á CÄrGpv@wxf-issu}td;}¦  pzhi&{:pry}{u}tR>tvu}+®+@ n~+f-y}trihy  itXwxf-ipv®[auNiw+uxi¯Ni&yNhmi&wxprw>xy ¥ {-pru}{3hywxpzyN{1}pr¼}i{3­q
E pF U pK ? 
 C C+ ÄÀ &  p  & J G V   [  [ <  p   F  WÄ ?  ? ; a
ª { ª hi&xpru{ y}|~wxpzyN{«xi&tvu!wxi  wyQu$|u½Ny´ |-xy~ix,CS F G FIH1J KL MN pvu6yN{NwxxuN³wkwf:u!w}pr¼}i¤¬wf-i
xpr}f[wkwyDxiipz¼Ni>yN{iu}{  y}{-trQy}{:iwfi|u½}y}´ S F u!wyNhi>wxpzhi V  ÆW=
	 ¥ f-i&xi CS F G FIH1J KL MN
pv²u/( ¦¨u  u|~wxi  {-yN{-{-i&[u!wxpz¼Ni|-y~&ix&°±¨{Dwxf-pv²|u}|:i ¥ i ¥ prtztut ¥ u½~@&y}{p  i&²wf-ims-­-¦8&truNy ©
|:u½}y´Å SFUwfuwy}{-tr  i|:i{  yN{8CV%W]E6F GBa `va-xu!wxpr © qpz{
SF  U S CV%W]E6F G%W V  ÆW4=
	 ¥ f-i&xiDS ÆW=
	 + 8 : J pvu 
 " 5'&i
(	 &y}{[wpr{qs-y}s:a µºj[¶
n~s+f6|u½}y}´V1uxiyNhiwprhi@utrtzi  "!! 
(0(0 |:u½}y´Å°  @{  i ª xs-h|~wpry}{µ f¤¶1u}{  µºjq¶³Á-yN{-ifu}
© yNi&¼Ni&xI4 6<ÄNÁ K C <#> ?F H1J KL MN & SF/& @ G-A 
Ï¯{i²swpzi¤¬wfuw Y pr{ u$yNh|-tzi&wihux®}i&w Y wf-i © u}pzk|-xpr&i7F@u!wkwprhi,V © y}s+f¾u&y}{[w+u}wxu!wxpri¤
 FT U `  F i¤s-| K C` F  S   ( F GW iF µK}¶
¥ fi&xiiFD U 5 !'A8 V%W4=
	IW ( ¦¨wy}||-pz{wxpzhi B °e1f-prÇprhm|tz>hmi¤u{
wxfu!wÇwxf-i  pv&y}s-{[wxi  |-pviC FT U ` F  F 7FUy © wfiy}|~wxpzyN{$pvwfi  $'0(0R' "!0 ]" y © wf-i  prxyNs-{[wi $ª hipv&u}{|u½Ny´C SFT U C SRCV%W CE6F G
¥ pzwf C S CV%WP$G U ` F  F S CV%W`  F P6G³°¬e1f-pr²i¤st§w²pv¯­u}i  yN{Quf-i  }pr{-3ux}shmi{[w²y}{ ¥ f-pv+f ¥ i ¥ prtzt
&y}hik­u}+®3truwi&1yN{B°H¿@y}wikwf:u!w <>?FIH1J K'L MN & 7F/&@? <>?FIH1J K'L MN & SF/& "! @[Á 4 6cÄ}°
Ï¯{-if-y ¥ mµài&i6· c¹ê¶¯spr{-3wxf-iQux®}y!¼6|-xy}|Xi&w6y © wf-i  pz´Xs:pry}{ |-xyq&ix,CE F G FIH1J KL MN wxfu!w
 F  U$# CV%W]E F G ¥ f-ii # y}tr¼}iwxf-i¼!uxpruwpry}{u}tXpr{-i¤¢Ns:utrp§w
0%  L'& #
& V
)(  L *+# W # + S S U ÆW # C=^W'a G U SRC= W'a G%a µàN¶
¥ fi&xi (  L *  i{-ywxiwfipz{~:{-p§wxipzhu}tB}i{-i&+u!wxy}y © wf-i  pz´Vspry}{ µ4f¤¶³°e1f-i{BÁ
p§wpvtriu}kwfuwwf-iau}|-|-xy½qprhu!wxpzyN{F|-xy}­-tri&h © y},7F¬u|-|Xiu}xuN|Xi&pru}tH&u}iy © wf-i
u}|-|-xy½~pzhu!wxiyNhm|s~wxuwpry}{Dy © wxf-imn~{-i&trti{q¼}i&try}|Xiy © u ;¦  prhi&{pzyN{ut  pz´Xspry}{ ¥ pzwfnpz|:+f-pzw£
&yqikapri&{[wx°eykyNtz¼NiUwxf-pr|yN­-tzihpz{$Ä¦  prhi&{pzyN{BÁ!hu{qhiwxf-y  uxiu½¼!uprtvu­-tri}°e1fiihi&wf~¦
y  u{6­Xitvu}xpzi  pr{w ¥ y © uhprtzpriXÇwfi|-yN­u­pztrprwpv¬y}{-i¤1­u}i  y}{Du ¥ iu®u|-|-xy½~pzhuwpry}{
y © wfi  p§´VspzyN{3|-xy~ixwCE6F G­qau|s-itz  prxxiwxi  q{u}hpr¯µ`va b6a~­-pz{y}hpru}tXwxi&iÁX·.-N¹º¶u{  wf-i
u}{utr[wpvayN{-im­uNi  y}{/{[shmipv&u}t1hmi&wf-y   © yNy}tr¼qpz{Qwfi$¼!u}pvu!wxpzyN{utpz{-i¤¢[sutrp§w µKN¶µ`*a b$a
:{-p§wxi  p§´Vi&xi&{:iky}1{p§wxi¬itzihi&{[whmi&wf-y  +¶³° ¡ f-i&{wf-i  pzhi&{:pry}{+;y © wf-ikhux®}i&wpr{xiuNi¤&Á
wxf-iikhiwfy  ­:i¤yNhmipr{-i'k&pzi{[w°
éé Ó!z{%{ø%|
j   !0(0 )5	
#%
(	 /5
±¨{ · j!¹µKiiutvy6·¸¤¹º¶1pr  i&¼qpvi  u{i ¥ hmi&wf-y  ­uNi  yN{D¢Ns:u{[wpr£uwpry}{ ¥ f-pr+fQu{$­:ipzh|-tri¦
hi{Nwxi  pz{«f-pzNf-i&  prhi&{pzyN{B°k¿@iqwi¤³wxpzyN{Fpv  i¼}y}wi  wy6ua|-xii&{[wxuwpry}{Dy © wf-imhiwxf-y  u{ 
y © wxf-ikwf-iy}xiwxprut I4  i&xyN­Xy}s-{  1wf:u!w@fu½¼Ni¯­Xi&i{6u}tzxiu    ipr¼}i  °
ª w¬wf-pvwxuNi}Á !6,, +!551 
(	1	^0r55 )v'$'0 
(	= 	!	 	(,
(	 ]%5%	 	I  
( 	


 5 Æmpr{i U¢[suwpry}{ µàN¶ © yN=CE/u|-|Xiu}x1uNum|:i¤pvutÅ&uNi¬y © µ4f¤¶ © y}^E pr{&i²wxf-i © s-{³wxpzyN{ C SRCV%WXPX¶
f:u}¬wfi3u}himxi&Ns-tvuxp§wQuNmSB°«µàey  i&xpz¼Nimwf-imOwxs-i*Q © yNh>s-tvui ¥ f-i&{ GU Æ$y}{-iks:wf:u}¬wy
®Ni&i|pr{6hmpr{  wfi OyNpr}pr{ut Qi¤¢[su!wxpzyN{ ;ECE FqU .CE F G%a ; F ¶³°
  
	&%	$'(  1
	%"3
	)$.	&'  $>	k	
±¨{ wxfu!wa|u}w¤ÁUwxf-iF|:i¤pz:pzw/y © wxf-iDhuwpr{-Nu}tzi  pz´Vspry}{  q{u}hpr|-yN|:y[i  © yNwfiDpv®q
uNiw+¬pz{ µà[¶mµ ¥ pzwf U Æ[¶²f:u}ktrp§wwtripz{ :s-i&{&iy}{«wf-ixis-tzwxÁy6pzwpr&yNwtrix¯wyDyN{p  iku
Ni&{-ixu}t  p © wi  >xy ¥ {-pvu{  p§´VspzyN{
;iE6F U 1!CE7F4G1;-V  .CE6F4Ga ; F%W E6K  U K  :<$a µh¶
¥ fi&xi01 : < 8 : < u}{  .	  ÆW=
	E& : < 8 $ C;/&  G¯uxi/npz|x+f-pzw£my}{[wxpz{qs-yNs²¼Niwy}²i&t  
u}{  C F G FIH1J K'L MN pv  ¦  pzhi&{:pry}{u}t >y ¥ {-pvu{hywpry}{°
  !"#$&%'"#(*),+-"!./1023546/%7(98/"!	(:)
e1fii&~uN³wprhs-tvu!wxpzyN{/y © u  pz´Vspry}{ u!wmwprhi Vprmssutrtr y}s~wy © xiuN+f µ`*a b$a ¥ f-i{  pvm{-yw&y}{wxu}{[wpr{awxf-i|Xi&p§i  hy  itHµ f¤¶¶³°Unqymy}{i¯si1u6µàFux®}y!¼qpru}{:¶  pvxxiwpr£uwpry}{$+f-ihi}ÁqiuN
wxyprhs-tvu!wxi}Á`*a b$aqwxf-i Hs-tri&²x+f-ihmivX
EdF; H U EqF  1!C E F!G =   .-C EqF!Ga C  F + F=< H Ga µjN¶
e1fi&{BÁ 	  60(0R' "!'0]"/	I->]<]"v"$@?v
(,	IA>/.'! 	
!	
!_
 5	(!	  	CB#10'w5&' °
nqyNhiwprhiÁÇwfi  p§´VspzyN{ &u}{ ­Xi6prhs-tvu!wxi  pzh|-tr}Áixi{[wpvutrtz ­:i¤&u}si$pzwu}|-|:i¤u+>uN>u
&tzy[i  © y}xh E6FQ U o CV%W3F4G³° e1f-pv3pv3wf-i¾&uNiQy © wf-i«i}s-tvuhs-tzwpz¦  pzhi{pry}{:ut >tvu}+® @
n-+f-y}trihy  itµKi&w  C P6G  U  pr{/µ f½¶¶°@e1f-i&{BÁXpzw¯pv@|XyNxpr­-triwy3&y}{p  i&  pzxiwtrwxf-i 	  $'0(0' "!'0]", w	w!])v'$!i5ED- "&
( CE6F!G K>[ [ 	© y}@¢[su}{Nwxpz£¤u!wxpzyN{|-s|XyNi}°
e1f-pv
wprhi  pv&i&wpr£u!wxpzyN{>&y}xi¤|Xy}{  &Á½pr{wxf-i  i&xpr¼½uwpr¼}iwihpr{-y}try}N}Á½wyu}|-|-xy½qprhu!wxpz{-²wf-i
yNpr}pr{u}tBy}{[wxpz{qs-yNswprhi ª hipv&u}{$yN|~wpry}{6­qu  '%/v "$	
! Á:ip§wxf-i&¯y}{ E y}@yN{ E/pzwxi&t © °
>m>ih>s  u¬y}|~wxpzyN{BÁyN{-ihiu{:
wfuwÇwf-i@iwHy © |XyNxpr­-tri1i~i&+pviwxpzhiHpr:{-p§wxi}°HxyNÇ­:yNs-{  
u}iku½¼!uprtru}­-trikuw1wf-i¤ii&qix&pri¯wprhmi¤ V  µài&ie1f-iy}xi&h f­Xi&try ¥ ¶³°
¡ fuwxyqi&¼}iÁ ¥ i ¥ u{[wwy ¢[su}{Nwxpz£i$wf-iFnq{i&trt@i&{q¼}itzyN|:i6y © u¾f-yNhmyN}i{-i&yNs  prxxiwxiwxpzhi
Fux®}y!¼+fupr{¾µE F >y} E F }¶ ¥ f-yNi¬w+u{p§wxpzyN{BÁ  i{-ywxi GFIH 	KJ CP W;MLG³Á:|-i¤i¼Ni#nBpr|x+f-p§wx£yN{Nwxp§¦
{qs-pzw}°HQy}xi¯|-xi&pri&tr}Á © yNi&¼Ni&x nBpr|+fp§wx£y}{[wxpz{qs-yNsN  : < 8 :
 F H 	KJ N 	POp @ ? CÄ  RQ L *L M =  G N 	POp @ a µcN¶
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 c
µKii}Á`*a b$arÁV· j}¹ © y}u|yqy © ¶³°Ç±¨{ © u}³w1wxf-pr  prxxiwxi²wxpzhikhux®}y!¼qpru}{ai&wwxpz{-pvwf-ik{uws-+ut © +uhi¦
¥ y}x® © yNawxf-iFhiwxf-y  °»e1fyNs-}f-yNs~wawxf-pr$i³wxpzyN{BÁ ¥ i ¥ prtzt  i&{ywiF­[ wxf-iFNi&{-ipvD{-y}wxu!wxpzyN{
C  G K>[  [ 	 u}{[¾µ ! @ ¦Jpr{[wi&Nxu}­-tri¤¶1f-yNhy}}i{-i&yNs ( F¦¨Qu}®Ny!¼+fu}pz{ ¥ fyNiw+u{:pzwpry}{ F H 	KJ xu!w¦
pviµcN¶1u{ 3¥ i ¥ pztrt  i{-ywxi­[_C  G K>[  [ 	$p§w+ ( F ¦¨n~{-i&trtBi&{q¼Ni&try}|Xi¯y © SRCV  W   G  i{i  ­q
  U i¤s-|  K CSRCW GX ( F!G6W	 
6 
¥ fi&xi
   i&{ywi¤wxf-i>iw¬y © 5 V  Wa'aaW4V 	 B ¦J¼!u}tzs-i  ( F ¦¨wxy}|-|pz{-awprhmi¤&°¯e1f-imnq{i&trti{[¼Ni&try}|Xi 
xu!wxpri¤Uwxf-iy¦¨&utrtri  ­u}+® ¥ u   !6!<
& "6])/<
(*) !%<10 µKii· ih¹º¶%X
  	  U SRCV 	 W  	 G%W   U 0%  S CViW  !GW K C  J   ( F!GlW Æ?  ?V+ Ä-a µ4fN¶
Ï¯{i  i&xpr¼}i²u  q{uhpv|-xy}}+uhhpr{- © y}xhs-tvu 
( 
 5%	%
 >'1	
 X  U \ 1C  -G%W   5 ÆWa'a'a'W B Á
¥ fi&xi¯wxf-i © s-{wpry}{^\ u}ikxisxpz¼Ni&tr  i:{-i  ­q
 \ 	  U S CV 	 W a]GW
\  U 0%   SRCViWa GW FIH 	KJ C\  J  G  WHÆ?  ?V+ Ä-a µ4f-f¤¶
e1f-pv © y}xhs-tvuxi&hupr{pr{[w+u}³w+u­-tri © yN²{qs-hi&xprut
y}h|-s-wxu!wxpzyN{Qpr{&iwfi&6i¤¢[s-pzxikwy$yNh>¦
|s~wiuw1i¤u}+fwprhiwxi&|Duy}{  p§wxpzyN{utÅi&~|:i¤³wxuwpry}{B°
e1f-iy}xi&h f6­Xi&try ¥ }pr¼}i¤my}hi"! @ ¦Jixy}m­Xy}s-{  mwfuwfy}t  © yN  F	+FFpz{ y}s-yNpr}pr{u}t
 p§´VspzyN{ © +uhi ¥ yN®V° Z prxw ¥ i¬{i&i  wxympr{[wxy  siy}hi  i:{-p§wxpzyN{Du­Xy}s~wwxf-ii}s-tvuxpzwmy © S°
$É  àÍ   [1$&'	
 S : < + 8 : 
 5 ihmpz¦¨y}{q¼Ni 
 
! PRW#L':<$W ! V  : J W S CV%WLG+ S CV%WP$G 6sC"$# CV%WP6G)& L+,P$G +&%& P + L & J µ4f¤}¶
R] "'# 
 5m >1$- 1$&'	
8! : J & : < $ %'6 Æ(
É  ~*)B}  ¿@y}wikwf:u!wmCÄ½À-Gu||:i¤u+u}uyN{[¼NiuNs-h|~wxpzyN{xi&tvu!~i  ­q + %& P +L & J}°Ç±¨{6hmy[w
pzwsuwpry}{ÁNpvsi  pz{3wf-i¯i¼}ixi@i{i a `*a1S CV%WP$G +PSRCV%WLG ? C"'#CV%WP$G>& P +ALG  %& P +-L & JN°Çe1f-i
i&hpz¦8&y}{q¼}i&~p§wu}xs-h|~wpry}{$pr © s-t§:tztri  ­q3u ¥ p  itvu}x1y ©© s{³wxpzyN{'X
Y ± © SRCV%Wa G1pv-,  © yN@i&¼Ni&x V : J u}{ . #. O CV%WP$G@pr%}¦ nBpr|x+f-p§wx£pz{ PÁ:s{-p © yNhtr3pr{PV³Á-wxf-i&{Spvi&hp§¦¨yN{q¼}iFµ ¥ p§wxf/"$# CV%WP6G  U . #. O CV%WXP$G¶°
Y ± © SRCV%W'a G3pr6yN{q¼}i © y}$i&¼Ni&x V2 : J ¥ pzwfcu  ipr¼!u!wxpz¼Ni&"$# CV%Wa G µàpz{ wf-i  pvwxpr­-s~wxpzyN{i&{:i½¶ ¥ fpr+f¾pv­:yNs-{  i  pz{ CV%WP$GÁwxf-i&{gS¾pvi&hpz¦8&y}{q¼}i&/µ ¥ pzwf0% U Æ[¶³°3e1fqsÁpzwi&h>­:y  pri
r5%	Bi50i" !3421 1$&'	
5wi5'] ! "6%
&
(i) "r
(0(0 !6  ?i!	
&?  %
& 5%	=!0 /"$	
!5 tzpr®}i
SRCV%WXP$G  U ` F  F C3 + o C`  F P6G4G J ¥ pzwfPo nBpr|+fp§wx£k&y}{[wpr{qs-y}s:µºy}{6iwx 5 o ? ! B W+!  ÆN¶°
e1f-i1{-y}wpry}{my © ihmpz¦¨y}{q¼Ni © s-{wpry}{ii&hwykfu½¼Ni­Xi&i{mpr{[wxy  si  pr{6·fj½¹ © y}|-xpr&pz{¬yN{-i¦
 pzhi&{:pry}{u}t ª hi&xpv&u{$y}|-wpry}{°Hnqi&iu}try· }!¹ © y}xi&i&{[w  i&¼Ni&try}|-hi&{[w+pr{Duprhpztvu@iwwpr{-°
éé Ó!z{%{ø%|
f¤   !0(0 )5	
#%
(	 /5
  ÉqÍ  É   C  iG  '	 SV : < 8 : >.  
 " 5'&i
(	+&]	
(i5#1$&'	
! $+0'	 4=$zÄ-W  G$(
 '	  	 v6!	 <	(  60(0q "r'0]" 4 C E FG K>[  [ 	  CE7FG K>[  [ 	 ( ',
 5D5'! "r5%
(	
 "!,0
&5%	I	  - "'$
(*)+!  1	 Op @  . 	 Op @ $ 4 5%&] 		
! D  W !   5 ÆW'aa'aWX B W *  F +0  * @ ? `
	 M CÄ  & PR& G  a µ4fN¶
C 1G    wU E F W U ÆW'aa'aWX !$.
 w	< >5	 -&'0 S 
 5 i&hpz¦8&y}{q¼}i&  	'
! D  W !   5 ÆWa'a'a%WX B W * 7F7+   * @ ? `
	 M CÄ  & PR& G µ4f&j[¶
   8%      3&"!	$&%'"!	(*) + "!./ 4/% ):"!	$&%'"!	(*) "#!
  a&½ 
    ~ àÍ
e1fiwxuwpr{-Q|Xy}pr{[w>y © y}s->hmi&wf-y  prmprh|-tr«wxy  pv&i&wpr£&i3wf-ixu}{  y}h ¼!uxpru}­-tri    y © wf-i
Fux®}y!¼+fupr{3­qpr{Nwxy  s:pr{-my}hi¯xu}{  y}hÐ¼!u}pvu­-tri -   wxfu!w@&u}{3yN{-tzw+u®Ni¯u{-pzwik{qs-h­Xi&	y © ¼!utrs-i°>e1fi&{BÁ ¥ i ¥ u}{Nw¬wyDu}|-|-xy½qprhu!wxiwfin~{-i&trtÇi&{q¼}itzyN|:i+C -G K)[ [ 	 ­qQu6i¤¢Nsi&{&i
C - -G K>[  [ 	F i&{-i  ­qDu  q{u}hpr|-yN}+uhhpz{3utr}yNpzwf-h0¢[s-pzwiprhpztvu¯wy µ f¤N¶²i-i|~w¯wxfu!w
pzw@pr{[¼Ny}tr¼}i¤'X
Y wfixu}{  y}h ¼½u}pvu­tzi¤?C -   G K>[  [ 	$pz{wi¤u  y © wf-i C   G K>[  [ 	u}{ 
Y wf-i6yN{  pzwpry}{u}ti&q|Xiwxuwpry}{ Npz¼Ni&{ -  Dpr{wiu  y © wxf-i$i}s-tvumy}{  p§wxpzyN{uti~|Xi³w+u!wxpzyN{Npz¼Ni&{3wf-i|uNw@s|wxy  Áa `*a K  UAK Ca  (7G³°
  + É  É ¤~ Ê ~&!- 
    ~ àÍ'! @ Ë Î  & Í ½ àÍ
niw  ­:i1u: < ¦8¼!utrs-i  xu}{  y}hc¼}i¤³wxy}  i{-i  yN{u@|-xy}­:u­-prtzpzwk|uNi?C='?W! W#"^G³° Z yNh u@|-yN­u!¦­pztrprwpvH|Xy}pr{[wy © ¼qpri ¥ Á ! @ ¦¨¢Ns:u{[wpr£uwpry}{µ 4 6cÄ¤¶Å&y}{pvw+Bpr{wxs  qpr{-wfiU­Xiw ! @ ¦¨u|-|-xy½~pzhuwpry}{
y ©   ­q$xu}{  y}h ¼}iwyNx-  Bwxu}®[pr{-auw@hmy[w7 qi  ¼!utrs-i%PrW  WP"!/ : < °e1f-i¤i+u{  y}h
¼Niwy}+kxiu    % U$#&%p   P p ('*)!C _G³Á C,+ p G  [ p [ % >yNitX|:uwpzwpry}{6y © : < °DÏ¯{-iiuNprtrF|-xy!¼}i¤wxfu!w © y}¬u-~i  6¦Kwxs-|-triP  U C P!W  WP ! G  C : < G % ÁXwfi ! @ ¦8hmi¤u{Dixy} *   +0   *.- i¤u}+f-i¤
pzwx@hmpr{-prhs-h u!w@u{q U !$!
 	 5]5''0(0!	
! C #pCP$GG [ p [ % y © P°$É  àÍ   '	 P  U C P!W  WP ! G  C : < G % (   "!%	
(	
  CP$GW'a'aa'W  % C P6G 4 : < 
 5PU !$!
/	I55'0(0	
   	  3 	"60 P 
   !8)"!    5 Ä-Wa'a'a'WX B   p C P6G 
 5    !]0 5'	5'	
 5 !
(*)
 p CP$G0/21'LB : < %& P p + L & U 0	243 [  [ % & L+QP  &43.a
R] &a & i5%0(0
.-'$!	 5w	<&!6!
&0 B#&'0 
-$% (
¿²ywi1wxfu!w¤ÁNfy ¥ i¼}i&
wxf-i  F# wi¤i&t  p C P6GÇut ¥ u½~
fuNwf-i¯u}hmi&tzy[s-xiu{  wxf-i@u}hi­:yNs-{  ¦
u}NÁÅwfpr­Xy}s{  uxQ­Xi&pr{-6pz{:trs  i  pr{ u!whyNw + Äfqq|Xi&x|-tru}{-i° Z s-wfi&xhmyNimp © wxf-i  pv¦wxpr­-s~wxpzyN{6y ©   ¥ i&pr}f[wx1{-yfqq|Xi&x|-tru}{-i}Áqwxf-i&{$wxf-itÇy}xy}{-yNpXwixi&trtruwpry}{$pri¤i&{[wxpru}tztras-{-pv¢[s-iy
wxfu!w²u}tztVwxf-i O P-¦ItÇy}xy}{y}pÅ¢[su{[wpr£&ixrQ -  fu½¼Ni¯wxf-ixuhi  prwxpr­-s~wpry}{°
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 fvf
e1f-i|-yN­-tri&h pvwxf-i&{Qwyiwprhu!wxiwf-i ! @ ¦ ! 	
	
 '% *   + -  *.- ­Xiw ¥ i&i{/ 
u}{  uwO4tÇy}xy}{y}pÅ¢[su{[wpr£&irQ
- ; U %
p   P p  	 ) H O J C 8G%a µ4f¤}¶
niw "   i&{-y}wi¬wf-i  prwxpz­s~wpry}{6y ©   °Çe1f-i&{Á~wf-i,! @ ¦8hiu}{$¢[su}{Nwxpz£¤u!wxpzyN{ixy}pr@}pr¼}i&{­q
*   + -  * @ - U %
p   K   	 ) H O J &   +QP$p & @  U1K LM02Z3 [ p [ % &   +QP$p & @ S U  I 02Z3 [ p [ % & P pN+ L & @ "   C; LG%aµ4fN¶
e1f-i,! @ ¦8hiu}{$¢[su}{Nwxpz£¤u!wxpzyN{3i&xxy}1y}{-tr  i|:i{  s|:yN{wxf-i  pvwxpr­-s~wxpzyN{ "   y ©   °
e1f-i>{-iqw¯wi|Qpvwy|Xi&p © $wfi>+f-yNpr&iy © wfi 6¦Jws-|-tri P, U C P!Wa'a'aWP % G²yauNwy3}iw¯wf-ihutrtzi¤wm|:y[pr­-tzi ! @ ¦Jhiu}{/¢[su{[wxpz£¤u!wpry}{ ixy}>u{  wxyFi¼½u}tzs:u!wif-y ¥ © u}w>pzw>Nyqiwy«Æ«u}
Nyqi¯wy6pr{~{-pzw}°ae1f-pv ¥ prtztÇ­Xipr{[¼NiwprNuwi Q© s-wf-iy}{¾pz{¾s-­i³wxpzyN{ ° °fNÁBy}{:i>wf-i ¥ u½ ¥ i
s:i¢[su{[wxpz£¤u!wpry}{6u{  pzw@itruwi  ixy} ¥ prtztÅfu½¼Nik­:ii&{  i&¼Ni&try}|Xi  °
   
    ~ àÍ & ÉqÉ  ¬ É 
Î ÍË	 É ++ É 
:É + Í 
¡ i@u}xs-hi © xy}h»{-y ¥ yN{mwfuw © y}Çi&¼Ni&x   5 ÆW&Ä-Wa'aa%W B Á ¥ i1fu½¼Ni1uN&&ixÇyNhmi ¥ u½y}Hu}{-ywxf-i&
wxyu/tÇyNyN{-y}pB¢[su}{[wpr£&i  +u{  yNhÐ¼}i¤³wyNG-   © yN+  [Áspr{- >|Xy}pr{[wx P   W  WXP !  °
e1f-i|:is  y¦  q{u}hmpv|-yN}+uhhpz{ © yNh>s-tru¯­Xi&try ¥ pv  i&¼qpvi  ­qmu{u}tzyN} ¥ p§wxfwf-iyNpr}pr{u}t
yN{-iµ f¤N¶%XyN{-iprh|-trai|-tvu}i¤   >­qapzwx@¢[su}{[wpr£&i  +u{  yNhÐ¼}i¤³wyN -  ±8w@xiu  1u} © y}trtry ¥   - 	  U SRCV 	6W -  	G%W-   U 0%  SRCViW -  !GW K C -  J   -  !G/W Æ?  ?9 + Ä-a µ4frh¶
 © y}1wxf-iu}®}i¬y © prh|-trpr&p§wNÁ © yNh {-y ¥ yN{BÁ ¥ i ¥ pztrt  i{-ywxi -K6 C1a]G% UAK C1a  -   G³°
e1f-i hupr{ xiuNyN{ © y}DyN{p  ipr{-/&y}{  pzwpry}{:utki~|Xi³w+u!wxpzyN{ ¥ p§wxf<xi|Xi³wwy -   pv3wxfu!w
wxf-iQwxf-i¾i¤¢Nsi&{&i C -   G H! pv{yw$Fux®}y!¼qpru}{B°»Ï¯{ wxf-i«y}wf-if:u{  Á²i&¼}i{ p © wf-i,  ¦Jws|-tziP   U CP   Wa'a'aWP %  G¯y © i&¼}i$wxi&xh    y © wxf-i+fupr{FfuN¬­:ii&{«iwks-|2 =4    xÁBwf-pv  yqi¬{-ywhu}®}i¬|:y[pz­tzi¬wy&y}h|-s~wxi¬i&~|-tzpvpzwtrwxf-pr²utr}y}xpzwf-h6° ª umhu!wwxi&y ©© u}wÁ~yN{-ik{-i&i  wy®q{-y ¥
wxf-iQyNs-|-tri   pvwxpz­-s-wpry}{ C -  *WN-   J  G%W6Æ ?  ?  +Ä}°ce1f-pvprai&{-trpzNf[wi&{i  ­q wfiQiuNUyN|:y[pzwpry}{$­:itzy ¥ °
"  Í  Í    àÍ   '	 P   U CP   Wa'a'aWP %  G -'$!	  ! )"r'    5 ÆWa'a'a'W B _	
	
 4	<!
 5%	%
 >1	
! ( C   G ( '	  m/"!'    5 ÆWa'a'a'W B $.)"!   5 Ä-Wa'aa%WX @B # p  U "C -   U P p G U "C     p C P  G4GW µ4fjN¶
éé Ó!z{%{ø%|
f½   !0(0 )5	
#%
(	 /5
$  !/)"r'    5 ÆW'a'aaW+ Ä B W  5 Ä-Wa'a'a'WX B W   5 ÄvW'a'aaWX	 J  B p   U "C -   J  U P  J   -  wU P p G U "     J ,   CP  J  G *    Bp]C P  G
U 
p # p  
(	  p   U "     J     C P  J  G%W	     p C P  Gla µ4fcN¶
 $/-l6%5 >).->-& K !.
($&	
!_	( 16&	
! -\  >/
- \ 	 CP 	p G  U S 	7CP 	p GW  5 ÆW'a'aa%WX
	 B
- \ 1CP p G  U 0 %  
 S CViWP p G%W %  ; H   p  - \  J  C P  J  G  WBÄ ?D?V	iWÆ	?  ?WX + Ä-aµJN¶
   -  U - \  C -   G 5'	
 5B5,	(. > "r  !6!<
&w"6)-/<
(*) 	 	
  ,	w" 5''-!3  $'0(0  3"!'0]" ( 1i5  
  	 :  U " O :  	' - \ K C -  K G U - \ K C P K G 
 5m-'	I'%/
( 
 5%	
& (
nqprh|-tr3prhm|tzihmi{[wpr{-mwf-iutr}yNpzwfh  i{-i  ­[QµJ[¶UyN{uyNh|-s~wi1xu}priw ¥ ym¢[s-i¤wxpzyN{'X
Y A@y ¥ pv1p§w@|XyNxpr­-tri¬wyiwprhu!wxi¯wxf-i|u}xu}hmi&wix # p u}{   p  pr{q¼}y}tr¼}i  pr{ µK[¶
Y ±pzw@|:y[pr­-tzi¬wxymf:u{  trikwfiy}h|-tri~pzway © s:+f6u>wxiikwxsws-xi  utr}yNpzwf-h
        "!$# %   %&')(  wfiwxf-i&yNi&wpv&utw+u}wxu}­-pztrpzwy © wf-i
u}­:y!¼Niautr}yNpzwf-h i-trspz¼Ni&tr  i|:i{  >y}{¾wxf-i3|u}xu}hiwix # p u}{   p  ° ª ³wxsutrtr}Á
wf-iu­-prtzpzwwxy yNhm|s~wi6wxf-i # p  u{  wxf-i  p   au!wu¾xiuNyN{u­tzi6y[wapvwfiQ®}i y © wfi ¥ f-y}tri6hiwfy |i¤i{Nwxi  f-i&xi © y}|-+u}wpv&ut1prh|-tzihi&{[wxuwpry}{B° e1f-iDhyNwi&tri&hi&{[w+ux yNtzs~wxpzyN{ pvpzh|-tr wy
|y~i¤>u ¥ p  i3+u{}iaxi&Ns-tru} D! 	I+*l%0_5%
(/10	
   	(-D!v "_&
( C  G K>[  [ 	 wy
i¤wxpzhuwiwxf-ia|u}xu}hmi&wix # p u{   p  y © pz{[wxi&xiw  i:{-i  ­q µ fj[¶u{  µ fc[¶³° ª {/iwprhuwiay ©wxf-i"! @ ¦Jhiu}{ ¢[su}{Nwxpz£¤u!wxpzyN{ i&xyN *    + -   * - u{ utvy«­:iDyNh|-s~wi  u}tzyN{-Qwxf-i6|-y~&i  s-xi}°
ª wsu}tztr}ÁVwxf-pv¬u}­-prtzpzw6wy6yNhm|s~wi>wf-i¤i ¥ i&pr}f[wx¬u{  hy  s-tzpÇuwkui¤u}y}{u}­-triy[w¬pr¯wfim®Ni&
y © wxf-i ¥ f-yNtzihi&wf-y  ° ¡ f-i&{ C  G K>[  [ 	 pru Hs-tri&>x+f-ihmiQµày}D>tvu}+®_@0n~+f-yNtzi¤  pz´Xspry}{:¶
wxf-pvhu}®}i¤{-y |-xy}­-tri&h6°/Qy}xiNi&{-ixu}tztr}Áwxf-pr  i&|Xi&{  ms-|Xy}{ wfi6u}­-prtzpzw¾wy¾prhstruwiDyNhi
F CP W]; LG8¦  pvwxpr­-s~wxi  +u{  yNh {qs-h­Xi&+ © y}@u}{q P : < °
¡ i ¥ prtzti&i © swxf-i&HyN{pz{|u}xu}}+u|-f:° °fu{  ° ° ¯f-y ¥ wy+fy[y[iwxf-i7¦Jws|-tzi¤ P  µKpr£&i
u}{  }i&yNhiwxpv¯try~&uwpry}{:¶°
, -./  0 # %2134     % 5 %6"& 7 ª ¢[s-pr+®$try[yN®uw@wf-i
wxsws-xiay © wxf-iu}tzNy}xp§wxf-h µJN¶fy ¥ kwfuw>Ny}pr{- © yNh tvu½}i   Ä  y ¥ {¾wyQtvu½}i  {-ii  
 &   a   J ²i&tri&hi&{[wxu}a&y}h|-s~w+u!wxpzyN{kµ pv1u|XyNpzwpr¼}i¬i¤utÅyN{w+u{[w+¶° A@i&{:i}Áqwxf-iy[w1y © u© stztÅwxii  ixi{Nw@pr{$y}  i&1wxymNiwDC -\ K C P K p GG [ p [ % : u|-|y½~prhuwitzpv
'yNh|-tzi&~p§w U  &8C=DK      J    	 J      	 F   	 G%a
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 f¤
n~iwwxpz{   U mK     	 f-y ¥ wfuwwf-pv@&y}h|-tri~p§w3pruw1hy[w@i¤¢Ns:utVwy
'y}h|-tri~p§w ? ?a  J  Ä ¥ fu!wxi&¼Ni&wf-i   uxi}°
e1f-pv O­-trpz{  Qy}h>­-pr{u!wxy}xpru}t
i¤wxpzhuwi{-ii  kwxyD­:iwxs-{-i  °3±¨{ © uN³wÁpz{¾hyNwi-u}hm|tzi¤kwf-i
Fux®}y!¼ w+u{pzwpry}{ F C P W]; LGm­Xi&fu½¼Nimpr{ s+f u ¥ u½ wxfu!w¤Áuwiu}+f tvu½}i&  Áhu{q wxi&xhy ©
wxf-i Ow+u{pzwpry}{ hu!wxpz Q   p  	¬u}iD{qs-hipv&u}tztr Æ°ce1f-pvhiu}{wxfu!w3wf-iQi¤wxpzhuwiay © wf-i¤i&yqikapri&{[wx ¥ pztrt-y © wxi&{­Xi²Æ Çnqs-­:i¤¢Nsi&{[wtr}Á}wf-iwxsi@y}h|-tri~pzwy © wxf-i@utr}yNpzwfh pvÇhy}xitrpr®}i&tr
&tzy[ikwxy E,C_Gpr{wxiu  y © wf-i>u­Xy!¼}i J¾iwprhu!wpry}{°1e1fqsÁ-wxf-i&yNw²y © s+fDumO  ixi&{[w!Q¬pr
prhmprtvuwywxfu!w1y © u 'y½q¦8@yNx¦¨s-­-pr{wipz{  ÇyN{-i  prhi&{pry}{u}t:­-pr{-yNhmpvut:wxi&i ¥ pzwfE,C  Gwxpzhi
 prxxiwxpz£¤u!wpry}{pz{:w+u{[wxµKs+fDu>wxi&iu}|-|-xy½qprhu!wxi&tray}{[w+upr{% À|:yNpz{[wx+¶³°
  (*)*9 ) 1% ) !%'"#
e1fi¬u}pzh y © wfpr1|u}xu}}+u|-fpvwym|-xy!¼qp  iky}hiC D4     ! @ ¦Jixy}­:yNs-{   © yN *  +A-  * - WHÆ	? ?  W­uNi  y}{ wfi ! @ ¦Jhi¤u{ ¢[su{[wxpz£¤u!wpry}{ ixy}+=a `*a *    + -   * - WDÆ
?  ?  ¥ fi&xi
¢[su}{[wpr£&i& -  pr¯utÇy}xy}{-yNp¢[su}{Nwxpz£i&wxfu!w¯wxu}®}iCm¼!utrs-i¤P   W'a'aa'WXP %  °¯e1f-pv@ixy}@hy  s-trsu{­Xi²yN­~wxu}pz{-i  u}Hu­[[¦8|-xy  s³wUy © uDy}{[wxi 'uxtzyprhs-tvu!wxpzyN{y © C  G K)[ [ 	 XpzwUy}{tzmi¤¢[s-pzxi
wxy &y}h|-s~wxi}Á © y}i&¼Ni&x 	 ½¦  pvwxpz­-s-wi  prhstruwi  xu}{  yNh¼}iwyNÁÇpzwx  pvwxu{:iwy p§w+tryNiw
{i&pr}fq­:yNs-1pz{$wxf-ii&w 5 P   W'aa'aWXP %  B °e1f-i¯iwprhu!wi¤H­Xi&try ¥ &u}{­:i¯y}­~w+upr{-i © yNu}{[Qu}®Ny!¼+fupr{fu½¼qpr{-u  
 " 5'&]1
(	( w+u{p§wxpzyN{
F CP W]; LGBa `*a-xu!wxpr © qpz{-:Á © y}i¼}i&x nBpr|x+f-pzw£yN{[wpr{[sy}s © s-{wpry}{ b  : < + 8 :aÁ
 F b 	 ) - ? 3  b 	 ) - ¥ f-ii  N 	 ) -  U <#>?O
	 & NqC P6GR+ NqC LG)&& P +L& a µJ1f¤¶
e1fpr1pvwf-iu}i¯y © wfi Us-tzi@+fi&himµKu{  wfi  p§´VspzyN{:¶fu½¼qpz{<npz|x+f-pzw£  xp © w@u}{  p§´VspzyN{
&yqikapri&{[w@u}1hi&{[wxpzyN{-i  ­Xi © y}xiiiµcN¶°
e1f-iwf-iy}xi&h ­Xi&try ¥ |Xi&p§:i1wxf-imnBpr|x+f-pzw£xi&Ns-tru}pzwy © wxf-i © s-{wpry}{   i&{-i  pz{ µ4f-f¤¶
u}{  }pr¼}iwxf-iE 54  Uixy}1­Xy}s-{  pr{wxf-pv nBpr|+fp§wx£i&wwpr{-:°  ÉqÍ  É    w5]5%1 	(!	 	d1$&'	
 S 
 5  S+	 ) - 3  
 " 5'&i
(	D&! 	
( !i5 
( P  1
 %/0<	
(,$ 	(!	#	(D	!5%
(	
 F 
 5 3 3  
 "$5'&]1
(	( (
C  1G  #1$&'	
!5  -l$->/ 	 =
 !  
 "$5'&]1
(	(,&! 	
( !i5D!6
  	 ) - ? C3«ÄrG 	 F   S+	 ) - a µJ}}¶
C 1G !m)"!    5 ÆW'aa'a%W B  0'	 -   -'$	I<  U !6!
 
.'!	
m4    ( !m)"!  4 6<Ä 
   + -   - ?
	
p   ; p    p + -  p  -
 
(	 ; p  U  S 	 ) -  . 3   p J  	 ) - W-Æ ?  ?A + Ä $ ; 	  U  S+	 ) - (  /!0q&]5%	 !	 .6 U À 
 4 GU À !6 .  U Ä 
  4 U À (
éé Ó!z{%{ø%|
fj   !0(0 )5	
#%
(	 /5
"  ÍBÍ    C  1G 'tzi¤uxtzNÁ   	 	  ) - ?  S+	  ) - °He1f-i&{Á-spz{-wxfu!w& 0%  C  $W31G + 0%  C  W31 G)& ? 0%  C &   +
 \& W& 1D+1.\& GÁ-p§w © yNtztry ¥  © xy}hÐwxf-i  q{uhpv¬|-yN}+uhhpz{i¢[su}tzpzwFµ4f-f¤¶Uwxfu!w
   	 ) - ? 0%    S 	 ) - W  F C   J G 	 ) -  ? 0%    S+	 ) - W 3    J 	 ) - 
Ï¯{ik&y}{&tzs  i1­qapr{  swpry}{B°
C 1Gnqi&w 	 U F C   J  G © yN@i&¼Ni&x   5 ÆW'aa'a%W+ Ä B µKu{   	  <ÆN¶°Ue1f-i © s-{:³wpry}{ mxu!wxpriK C  J  C   J  G4G U  1C  G³°/Ï¯{-i  i{imprhpztvuxtz1- 6­q wfii¤¢Ns:utrp§w -K  C -  J   -   J  G  U- C -  !Gkµàu}{  - 	   ÆN¶°He1f-i&{



  + -  

? & S  C   G+ S  C -   G>&  

  C   GR+9-  C -   G 

?  S+	  ) - &    + -   &  

  C   G + -K  C  C   G4G 

 

-KC C  C   GGR+9-  C -   G 

a
¿@y ¥ 

 iC  GR+ -K  1C  G 

? 

 C  GR+	 1C -  G 

 -K  

 C  !GR+ -K 7C C -  GG 

? 
  	  ) -  &   7+#-   &  -K  &    + -   & /a
µK¿@y}wikwf:u!w -  pv-(7¤¦8hiu}s-+u­-tri}°¸¶DA²i&{&i}Á
*  iC  GR+ -K  1C  G *.- ? .    	  ) - *   C+ -   * -
¥ pzwf . U À~° ¡ f-i{'4 U À~Á:wf-i¼Ni&x  i{-pzwpry}{Dy © wf-imy}{  p§wxpzyN{uti~|Xi³w+u!wxpzyN{Qu}@u|y}i³wxpzyN{
pr{Du,A@prtz­Xi&w²|:u}ikprh|-tzpriwxfu!w@fy}t   ¥ p§wxf . U Ä}°
Ï¯{wxf-iywxf-i&Hf:u{  Á[yNhmpr{-­uN+®wxykwf-i  i{-pzwpry}{y ©   C   GÇu}{  -  C -   GÁ}y}{i}iw+&ÁNspz{-
wxfu!w -K  K  U -K BÁ



-KC C  C   G4G +9-  C -   G 

? -K  

  J  + -  J   a
ª {[$yN{  pzwpry}{u}tÅi~|:i¤³w+u!wpry}{$­Xi&pr{-au ! @ ¦8&y}{[w+u}wpry}{BÁ[p§w © yNtztry ¥ wf:u!w

-KC C  C   G4GR+9-  C -   G  - ?    J %+ -  J   - a
Z pr{utrtzNÁ © y}i¼}i   5 ÆW'aa'a%W+ Ä B Á
   + -   - ?  S+	  ) -    7+ -    -    C  GR+ -K  C 1C  GG  -    1C  GR+ - iC -  G  -?    J  + -  J   -  C  S+	  ) -  .    	  ) - G     +#-    - a
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 f½
Ï¯{$wfiywfi&fu}{  Á *  	 + - 	 * - ?  S+	  ) - *   	 + -  	 *.- Á-ymwf:u!w
   + -   - ?
	
p   C  S 	 ) -  . 
#p 	 ) - G   p+ - p  -
e1f-i  i{-pzwpry}{6y © #pHu}{  wxf-i 3D¦ nBpr|x+f-pzw£¬|-yN|:iw3y © wxf-ikw+u{:pzwpry}{ F C PRW;ML1Gprh|-trawf:u!w
  p 	  ) - U  F C  p J  G 	  ) - ? 3   p J  	  ) -
u}{  yPC  1Gpv|-xy!¼}i  °  
    
  / + 
    ~ àÍ   É  & É  É   Î - Ê  
 Í   }
e1fi! @ ¦8¢[su}{Nwxpz£¤u!wxpzyN{«ixy}kfuNuDu{ u!ww+u}wpr¼}i|Xi&p§Xpzw«uhyN{-6ywfi&ssu}tHi&xyNk­:yNs-{  
s:i  pr{¾¿²s-hi&xprut±¨{[wi}+u!wpry}{ X²pzwk­Xi&f:u½¼}i¬u}uxi&}stru} © s-{:³wpry}{ y © wf-i¢[su}{Nwxpz£pz{6¦Jws|-tziP  U CP  W'a'aaWP ! G°Dy}xiD|-xipvi&tr}Áu}au 5 !<	%
& © s-{:³wpry}{ y © wf-iQ6¦Kwxs-|-tri PÁ1wxf-i ! @ ¦
¢[su}{[wpr£u!wxpzyN{«ixy}kpvÄ¦ nBpr|x+f-pzw£ayN{[wpr{[sy}s°± © "   fuNuDyNhm|:u}³ws-|-|Xy}wÁ
p§wpvw+upr}f[w¦
© yN ¥ u  wf:u!w P8 *   + -  O * - xiu}+fimuFhpr{-pzh>s-h uw	P° Ï¯{-i$hu½ u}t ¥ u½~>uNs-hi3wxfu!wP,  Càs-|-| "   G % µàyN{q¼}imfqs-tztXy © s-|-| "   ¶³° ¡ f-i{'"   {-ytry}{-Ni&HfuNUu&y}h|uN³ws-|-|Xy}wÁ
yN{-ify ¥ ­qpz{  s³wxpzyN{$yN{ wf:u!w
P8 *  #+ -  O * - wprtzti¤u}+f-i¤u}{$u}­y}trs~wikhpz{pzh>s-h yN{8C: < G %
µKiia· -j½¹y}·¸}½¹JÁVuhy}{aywxf-i&+x¶Á:wprtzt
tr[pr{-apr{ C  Càs-|-| "   G4G % ° Z s-wf-ihyNiNÁ-y}{-i>f-y ¥ @wf-i© yNtztry ¥ pr{-mprhm|tzi © uN³wxµKii· vj½¹yN¬·¸}½¹u{  xi © i&xi&{:iwxf-i&xi&pr{:¶X
Y ± © <#> ??"   fu}u{ 
( l
(	  s-||:yNw¤Á[u}{[my}|-wprhu}t D¦Kwxs-|-tri7P @fuNU|u}pz ¥ pvi  prwpr{³wi&tri&hi&{[w+&°
Y ± © s|-| "   pv /"!  R] -'5',
( 
(	5<&! "! ? i10(0 ÁVwxf-i&{Dwxf-i y}h|Xy}{-i{[wx¯y © u{DyN|~wprhutD¦Kwxs-|-tri P u}tztHtrprikpr{  Càs-|-| 	 G°ae1f-pvwxpztrtHf-yNt  kwxs-i © y} D¦Kwxs-|-triyNxi|Xy}{  pr{-wyDtry~&ut
hpr{-prhu°Ç±¨{6|uwpvs-tvu¤Á[wf-pvf-yNt  1p © "   fuNu "r5%
(	
 "r  i&{:pzw © s-{:³wpry}{6yN{ : < °
Y e1f-ihpr{-prhu}t! @ ¦8¢[su}{[wpr£u!wxpzyN{3ixy}1}yqi¤wy£&iyu}  8  a `*a
	 2Z0% 02Z3O H H
 I J ! *  #+ -  O * - U Æa
ª u huwwi3y ©© u}³w¤Á@triw8C
  G H!  i{-ywxi«u}{ i&¼}i ¥ f-ii  i&{iFi¢[s-i&{:iQy © : < ¦J¼!utrs-i 
¼Niwy}+1u{  iwP %  U 5 
  W'aa'a'W
 ! B °U±8w@pr@w+upr}f[w © y} ¥ u}  wxfu!w *   + -  O ! *.- }yqi¤wy£&iy­qwxf-i nBi­:i¤Ns-i $¯y}hpr{u!wxi  'y}{q¼}iNi&{&iUe1f-iy}xi&h6° Z s-wxf-i&xhy}xiÆ? 02Z3 O H H  I J ! *   + -  O * - ?*   +#-  O ! * - °  
ª w ¥ f-pv+f>+u!wxi  yqi¤
wf-pvÇyN{[¼Ni&x}i{iÇwxy¯£i&xy²f-yNt  ws{
yNs~wwy¬­:iu¯hs+fmhy}xi+fu}tztri&{-Npz{
¢[s-i¤wxpzyN{B°1e1f-iu{: ¥ i& ¥ u}²y}h|-triwxi  ­q$i&¼Ni&+utBu}s~wf-yNxµVu  y}¤Ái&ia·¸½¹8Á >s+®qtri ¥ @ ¡ pri}Á
i&i· f¤¤¹
u{  {u}tztr x¬+u © @ nBs:+f-Naii· N¤¹ê¶°H±8w@xiu  uN © y}trtzy ¥ 
éé Ó!z{%{ø%|
f¤   !0(0 )5	
#%
(	 /5
  ÉqÍ  É    w5]5%1		  &  V& @ J A  5'!  Æ(  
	 2Z0% L 
- I 0	243O H H  I J ! *   +#-  O * @ - S U @ L < * o * II ; - µJN¶
R] " C; 6G U o C7G	 < C; 6G  # C; 7G%W #
  <   <   >%54)-]!5%1. : < 
P$ * b *  UL  & b&  C P6G1;P S H !?/"!   :	J (  w&!5%	 ! 	  @ L < &]%5"!6r5 	 	?&]!5' 4 	( 1 
 !%
 5%	%
 >'1	
8  ÆW&Ä	 <  !m!    !'075'	     >]54)m]!5%1 Ä 
 (
np§wwtriprk®q{-y ¥ { u­Xy}s~wwxf-imwxs-i¼½u}tzsimy © wxf-iayN{w+u{[w  @ L < i-i|~wpz{  prhi&{pry}{ Ä ¥ fi&xi @ L  U J - H @ J J °¯nqyNhmi}i&yNhiwxpvy}{:p  i&+u!wxpzyN{triu  wy  J L J U   µài&ia·¸½¹º¶³°¯¿@i&¼Ni&wf-itzi¤µKii>· -}¹By}k· frh¹º¶yNhi²xiu}y}{:u­-tri²­Xy}s-{  uxi¯u½¼!uprtvu­-tri}Á[­u}i  y}{$xu}{  yNh ¢[su}{[wpr£u!wxpzyN{B°µàe1f-i
p  i¤upvHwxys-|-|Xi&¦8­:yNs-{  0243 O H H
 I J ! *   + -  O * @ - ­q * 0243  [ p [ % &   + $ p& * @ - ¥ f-i&xi@wxf-i $ p  uxipJ° pK°  ° ¥ pzwfDu{6u|-|yN|-pvu!wxi  prwxpz­s~wpry}{:¶°
¡ fuwxyqi&¼}iÁwfprwf-iy}xi&h u½~Vwxfu!w 0	243 O H H
 I J ! *  9+ -  O * -  L @ L <  HI °e1f-pvprpz{uN&&y}¦ u{&i ¥ p§wxfwfi²yNhmhyN{-tzu  hmpzwwxi  +u!wxiÇyN­~wxu}pz{i  `*a b$apr{3¿²s-hi&xprut±¨{[wxi&}+u!wxpzyN{­[ms-{-p © y}xhD¦Kwxs-|-trihmi&wf-y  °±¨{yNhmi@i&{:iNÁNutzwfy}s-Nf>yN|~wprhut:¢[su}{[wpr£&i&+Çuxi1{-i&¼Ni&Çs-{p © yNh ¢[su}i1Np 
µài-i|~w © yNÇwf-i¯s-{-p © y}xh  prwxpz­s~wpry}{pr{DÄ¦  prhmi{pzyN{:¶³ÁNy}|~wxpzhutX¢[su{[wpr£uwpry}{|-xy!¼qp  i¤
wf-i¯­:i¤w
|XyNxpz­-tri^ONp  hi&wf-y  Q © yN@u>Npz¼Ni&{  pvwxpr­-s~wxpzyN{ 	 °
   
  / + 
    ~ àÍ    ÍqÌ  Í:É    -
¡ fi&{ P U 5 P  Wa'a'aWP % B Á ¢Ns:u!wpry}{«µ f[¶Çprh|-tzpriwxfu!w *   + -  O * @ - U1K  0243  [ p [ % &   +QP p & @  °e1fipr{  s&i  qhhiwxpv © s-{wpry}{my}{.C: < G % pvµnBpr|x+f-pzw£¤¶
&y}{[wpr{qs-y}su{  pr  i{-ywxi  @% © xy}h{y ¥ y}{µ&¶°Ï¯{-ify ¥ ¬µKii}Á`*a b$arÁÅ· N¤¹ ¥ f-i{24 U À>y}k· -j½¹º¶wfuwÁ~p © 4 cÄ}Á  @% pvyN{Nwxpz{qs-yNstz p§´Vi&xi&{[wpvu­tziHuwBi&¼}iC6¦Kwxs-|-tri L  C: < G % xu!wxpr © qpz{ !  GU  vW P p GU P  u{  "   %p   &  p C LG  UÆ°Çe1f-i}+u  pri&{[w  @% C LGpv1y}­~w+upr{-i  ­q © yNhut  p§´Vi&xi&{[wpvu!wxpzyN{BÁqwf:u!w@pv
  @ %  U L@K &  @ %& P p C L6W 8G S  [ p [ 	 U L   I &  @ %& P p C L6W 7G;"!C; 6G S  [ p [ 	
¥ f-ii &  @%
& P p C L6W 7G  U 4  +,P
p&  +,P p & &  +,P p & @ F    p C L1G'C7G%WÄ ? T?9 a
µKe1f-iu­Xy!¼}i¬xis-t§w@wprtztf-y}t   ¥ f-i{04 U Ä&|-xy!¼qp  i  wxfu!w "" pr@&y}{[wpr{qs-y}s:&°¸¶
nqy:Á[wf-ik}+u  pzi{Nwy ©# @ % fu}u{pz{[wxi&}+ut:i|-xii&{[wxuwpry}{ ¥ pzwf$i¤|XiwUwy>wfi  pvwxpz­-s-wpry}{3y ©  wxf-prwxy}{-Ntzs-N}iwxÇwyprh|-tzihi&{[wuwy~+fuNwxpr1Nxu  pzi{[w  ixi{Nw  i&xpz¼Ni >© xy}h»wf-pvHxi&|-xi¦
i&{[w+u!wpry}{kwxy¯u}|-|-xy½qprhu!wxiUyNhi²µºtry~&utê¶Åhpr{-prhs-hy ©$ @% X ¥ f-i{-i&¼Ni&d;'6 À-Á¤wf-ipzh|-tri&hi{Nw+u!wxpzyN{y ©X i&wihpr{-prwpv}+u  pri&{[w  ixi{Nwpvpzxi¤utrprwpvpr{ipzw ¥ y}st  itzyN{wxf-iy}h|-s-wxu!wxpzyN{>y © hu{q
% ã&½ÛUî¸Û¨ÜKÜKÛÞ(' Ô¸ô
ÚÞKÛ¨õzÛÞàÛÓ½óÛÜKß²Ü)&½Û+*Vß³ÞK×-,.0/1324516.728*9&½Ô¸ó&Ø½ôKÛ×ÛÓæêÓ¤õzß³ÞKí@ÚxÜKÔ¸ß³Óã&½Ûß³Þàñ¬õrß³Þ
Ü)&½Û:	;&ìêíÛÚ+Ó
< Ø!Ú+ÓÜKÔ>=ÚxÜKÔ¸ß³ÓkÛÞàÞKß³Þ(?zÜKß1Ü&¤ÛÇÝ}ß@*ÅÛÞBADC
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 f!h
pr{[wi}+utv ¥ p§wxfFxi|:i¤³wm°&°&°wy "  °ke1f-pv¯wy~+fuNwxpr}+u  pri&{[w  i¤&i&{[w¯pv  i{i  uN © yNtztry ¥ Xtriw
C  F G FIH!  ui¢[s-i&{:iy © pJ° pJ°  ° "  ¦  pvwxpz­-s-wi  +u{  y}h»¼½u}pvu­tzi¤Hu{  triw?C"F4G FIH!  ­Xi¯ui¤¢Nsi&{&iy © |XyNp§wxpz¼Niwxi&|@xu!wxpr © qpz{ 
F
" FqU  u}{   F " JF A  a µJ!j[¶
e1fi&{BÁwxu}wxpz{ © xy}h u}{6pz{-pzwpvut D¦Kwxs-|-tri P K ¥ pzwf  |upr ¥ pvi  pvwpr{³w¯&y}h|Xy}{-i{Nw+&Á-iw
P F U P F F  + " F   @ % C P F F  W  F G µJ}}¶
µºwf-pv © y}xhs-tvu  $a  aNxu}{[wx­q$pz{  s³wxpzyN{Dwfuw7P F fuN@|u}pz ¥ pvi  pvwpr{³wky}h|Xy}{-i{[wx+¶³°  @{ © y}ws~¦
{:u!witzNÁBwxf-issutHuNs-h|~wpry}{:²wxfu!wi{s-imwxf-i  $a  a&y}{q¼}iNi&{&iy © wfiautr}y}xpzwf-h µKii$· fc¹ê¶
u}ik{-y}w © s-tztztri  ­[  @ % µài&iNÁ`*a b6aB· fc½¹
y}· }½¹ © y}@u{Dy!¼Ni&x¼qpzi ¥ y}{Qn[wxyq+f:u}wpvu|-|-xy½~pzhuwpry}{:¶°ey3­XimhmyNim|Xi&p§XÁÅtriwks¯wxix²wfuw  @ % C LG  y[i¤²{yw¯Nyawxypr{~{-pzwQu}& L&}yqi¤@wxypr{~{-pzwpr{ C : < G % u{    @% pvtriu}tr6{-ywDnpz|x+f-pzw£yN{[wpr{[sy}s¬y}{ C : < G % °nqyNhi $a  aV&y}{q¼}iNi&{&ixis-tzwx¬pr{«wxf-i eksf-{-iw@ 'tru}®Qi&{:ifu½¼Ni>­Xi&i{ yN­~wxu}pz{i  pz{ · vj½¹ © yNy}h|uN³wxtzQs-|-|Xy}wi 
u}­y}trs~witz6yN{Nwxpz{qs-yNs  prwxpr­-s~wpry}{: "!ÁVhupr{-tz6pr{Qwxf-im¢[su  +u!wpvu}i 4 U ÀFµºf-y ¥ i&¼Ni&¤Áxi&¦
stru}  $a  aÇyN{q¼}i&x}i{ipvi¤w+u­-trpvf-i  ¥ f-i{ ; U Ä¤¶°«±¨{ © uN³w>wf-i6¢[su  +u!wxpr3&u}iapv>wf-ihmy[w
&y}hhy}{-tr6pzh|-tri&hi{Nwxi Q© y}ku|-|-trpv&u!wxpzyN{¬u{  pv¬®q{-y ¥ {Fu}²wfi 'yNhm|Xiwxp§wxpz¼Ni<niu}{-pr{-a¼Niwy}
 s:u{[wpr£uwpry}{«µ '#n-t  ¶u}tzNy}xp§wxf-h6°
Z y}xhs-tvu6µK}N¶&u{$­Xi  i&¼Ni&try}|Xi  u} © y}trtry ¥ 1p © y}{-iiw+ P F  U 5 P  L F W'aa'aWXP % L F B Á
, -  )     itzi¤³w %CV  ÄrGB % 02Z3 p & P p L F +	  F J  & µK[¶

    7   P p H F J J L F J   U P p H F J J L F + " F J  O ) ; H  F  ; H O ) ; H  F  ; H  & P p H F J 	J L F +  F J  & @ F  a  ` 	 P p L F J   U P p L F W  GU CV  ÄGa µKvh}¶
Z s-wf-ihy}xi}Áqpzw@pr@iwxu­tzpvfi  pz{¾· -j½¹Åwxfu!w¤Á-p ©   "! @ J µ2 ÆN¶Á~y}{$wfii&¼}i{[w 5 P F 8 P  B
 @ L F J %  U  @ L F% CÄ%+ "'F J  G  "F J  P p H F J J L F +  F J & P p H F J J L F +  F J  & & P p H F J J L F +	  F J  & @ F   8 + 8 Ä4  @ % CP  G@µJjN¶ p L F J   U  p L F CÄ%+ " F J G  " F J  ! p  p H F J J#"   8 + 8%" C #pCP  G4GW@Ä6?  ?APa µJcN¶
e1fiiPOyNh|u{-pry}{dQ Y f-i{i &yNwtrix Y |-y~&i  s-xi$qpri&t  wxf-i |u}xu}hiwix¾µ ¥ ipzNfNw+6y © wf-itÇyNyN{-y}pitztv&Á ! @ ¦Jhiu}{ ¢[su}{Nwxpz£¤u!wxpzyN{ i&xyNy © P ¤¶{-i&ixu}«wy i~|-try}pzw>wxf-i 6¦Jws-|-triP  © y}
{qs-hipv&u}tÇ|-s-x|:y[iN°¿²ywxiwfuwwf-pvf-yNt   ¥ f:u!wi¼}ikwf-itrpzhpzwpr{- 6¦Jws-|tzi PmprXkwfprhi¤u{
wxfu!wwxf-i|-xy~i  s-i¬pv@yN{pvwi&{[w¤°
'yN{i{-pr{-D|-+u}wpv&u}tÇpzh|-tri&hi&{[w+u!wpry}{:y © wfi3utr}yNpzwf-h6Áp§wpvkwxyQ­:i3{-ywxpr&i  wfuwÁ ¥ f-i{4 U À6u!wiuN+fBÁwi|¾wf-i D¦Kwxs-|-tri P F J  trpr¼}ipz{¾wxf-iayN{[¼NiFfqs-trtHy © P F u}{    F J  ¥ f-pv+f fu}u
wxu}­-prtzpr£&pr{-Qi&´Xi¤³wy}{¾wfi|-xy~i  s-xi}°«Ï¯{-i$+f-i+®~yN{ prhstruwpry}{ wxfu!w>wf-i '#n-t  utr}yNpzwfh
 y[i¤1­:ifu½¼}ik­Xiwwi&@wfu}{pzwx{y}{~¦¨¢[su  +u!wxpr¬yNs-{[wi|u}w+&°
$&%('*),+.-0/2134165!1%7#89:9;8=<<>7%?151A@B>DCE.EF7GIH!<(8
J %,7KL7KM8N<1 J 89:7PO=G2>RQ3A>7%?STO=G2>527%(UV>7%?15W83X3413&@;13Y7KM8[Z[13\T>.<]Q%,9:73%^=G7%15
éé Ó!z{%{ø%|
fj   !0(0 )5	
#%
(	 /5
-3
-2
-1
0
1
2
3
-3 -2 -1 0 1 2 3
    	 É ½ Í 3 Í   Î
¿²iqwBwxf-i&yNih<|-xy!¼qp  iBuNi&{-ixu}ti&xxy}Å­Xy}s-{ © y}  + - \  C -   GÅu}u © s-{wpry}{y © wxf-i¢[su}{[wpr£u!wxpzyN{
ixy}+ *    + -   * - µ © yN@u{q tÇy}xy}{y}pÅ¢[su{[wpr£&ixG-   ¶°
  ÉqÍ  É 
  w5]5%1/	(!	 	(,&] &'
 	5 1 !6 .  m	(<
 1 i5%
!  	
   
 "$5&i
(	&! 	
( 3
i5mr5E 0(0 r5D	< >5%	Iv&0  1$&'	
 S(  '	 C  G K>[  [ 	 v6!	 <'
(	'D	(5'^"60 
 1 i5%
!
CE F G K>[ [ 	 ! 	B#10  5&' C E F G K)[ [ 	 ( 	 C  G K)[ [ 	 -'$!	 ?	  60(06 "r'0"D4^	
M>%5%	 -&'0 CSRCV1W  !G4G K>[ [ 	 $P0 	 -   -'$!	   	
.4    !5.-l$ >/ 	=
 (   m/"!'  4 §ÄvW  G  	'/ ?v
 5%	5?5'!D0R&!5%	 ! 	 3 Q L *!L M L @  Æ 5%& 	(!	
! D  W !   5 ÆW'aa'aWX B W *   + - \  C -   G * - ? 3 Q L *!L M L @ 	
   *    + -   * - µK}N¶
R] C - \  C -   GG K>[  [ 	 -'$	I5D	(#"$5'-3  60(0q "r'0]",  SRCV  W   G !5Dv  $ >) 	 
 (
e1f-i®}iF|Xy}pr{Nwmpz{ e1f-i&yNih jQpvwxfu!w3 Q L *!L M L @  y[i¤{-y}w  i|:i{  y}{  Ï¯{-i}i&wxxp  y © pr{i¬wfiwnpz|:+f-pzw£&y[i'kapri&{[w3 H 	KJ y © wf-i Hstzi@+f-ihiµºyN1wf-ixuh|-tri $ pz´Xspry}{:¶1xu!wxpri
	 240 <>? 	 C3 H 	KJ G 	 A  µài&im· j}¹ © y}  iw+uprtr+¶³° 'yNh­-pr{-pr{-wxf-ik­:yNs-{  y}­-wxupr{-i  pr{e1f-iy}xi&h f
u}{  j ¥ pztrtÇ{u!wxs-+utrtzQtriu  wxyQu{¾u}hutrtUu}k|XyNxpr­-tri}try}­u}t
ixy}¤°ey$wxf-pri&{  Á ¥ i{-ii  wy
iwwtrimwf-im|u+uhi&wi&+¯y © wxf-i  pv&i&wpr£u!wxpzyN{ Xwxf-i{[sh­Xi&  y © pv&i&wpr£uwpry}{Dwxpzhiµày}^Owprhmi
tvu½}ixrQ&¶ÁXwf-iNtzyN­utÇ{qs-h>­:i y © itzihmi{[wxuxF¢[su}{Nwxpz£i&+&ÁBu}{  wf-iapr£&i 3y © wf-ia¢[su}{[wpr£&i&-  ¬y © wf-i  F# tvu½}i¯µºwprhmi¬ÆpvUi&-trs  i  pr{i¯p§wpr|:i © i¤³wxtz¢[su{[wxpz£i  ­q>wf-ikpr{-Ntzi²¢[su}{[wpr£&i&
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 fc
 ,K	 U  K½¶³°¬¿@iqw@wxf-i&yNih#|y!¼qp  i¯uwf-iy}xiwxpru}{ ¥ i ¥ f-pv+fDhmpr{-prhpz£iwfiwfi&y}xiwxpruti&xyN
­Xy}s{  ° ¡ ik|-xy~i&i  uN © y}trtzy ¥ XRF­Xi&pr{-m-~i  Á-wf-i|u}&i  prxxiwxpz£¤u!wpry}{$i&xxy}pr1xs-tri  ­[3wf-i
xpr}f[w@fu{  p  iy © µàNN¶³Á:{uhitz
	   *    + -   * - °¯nqy ¥ i{-ii  wxyahpz{pzhpr£&iwxf-pv¯¢[su}{Nwxp§w © y}ua-~i   u{  wf-i{Qwyhu®}imua­u}tru}{i>­:i&w ¥ ii&{Dwxf-imi¤s-tzwpr{-$|uNi  prxxiwxpz£¤u!wxpzyN{Qi&xyN²u{ 
wxf-ii&xxy}pz{  si  ­q3wf-i¬wprhi  pv&i&wpr£uwpry}{3Npz¼Ni&{$­q3e1f-i&yNih f}°
ey>­Xi¬pr}yNyNs&Á ¥ i¬{-ii  wxymwxuwi¯wf-i¯wfi&y}xi&hÐyN{-i © swxf-i&u}xs-h|~wpry}{BÁ~utrtzi  -/
(6!	
!
uNs-h|~wxpzyN{BÁBu­Xy}s~w¬wfi  prwxpz­s~wpry}{¬y © wf-i    &°>±8w¬pvk­u}i  y}{«wf-i ! @ ¦Jhi¤u{«¢[su}{[wpr£u!wxpzyN{
ixy} *    + -   * - °¿¯uhi&tr}Áqwxf-i&xi¬i~prwx1u>xu}{  yNhÐ¼½u}pvu­tzi  "! @ J C   ÆvGu{  ui¤¢Nsi&{&i
Co  G K>[  [ 	6s+fwf:u!w
!   5 ÆW'a'aa%W B W !   W    L @% ? o @    L @% a µKf¤¶
e1fi¬|Xy}pr{[w@prwfuwwxf-i  pvwxpr­-s~wxpzyN{6y ©   hu½  i&|Xi&{  yN{24D­s~w $	#!  !  °
±8w1prf-y ¥ {apr{F· j!¹Vwfuws-{p © yNhtrmitztrpr|~wpv  p§´VspzyN{ ¥ pzwf$hyqywxf3u{  ­Xy}s-{  i  &y[i'kapri&{[wx
u}{  wxf-i&pr1itruwi  Hs-tri&+fi&hiuwpv © mwxf-i  y}hpz{:u!wpry}{3|-yN|:iw6µàf¤¶ ¥ p§wxf o  U .  Vq°±8w1pr
f-y ¥ {pr{wfi ª |-|:i{  pzwfuwÁqp ©E 6 ;Á  pvhyqywxf3u{  s-{-p © y}xhmtri&trtzpr|~wxpr}ÁNwxf-i&{awf-i¬iqwi{  i >tvu}+® @ n~+f-y}tri1hy  itUµ f½¶Upv  yNhpz{uwi  uN ¥ itztJ°  ÉqÍ  É   w5]5%1 	(!	 !0(06	!5]5%1 "$	
!5?   !' 0 !6/	(!	 	 C  G K)[ [ 	 
 5
v!<
($	I
(	(w5'5'm IM=
 ( '	  W   !$,5'	 	5%
    w	/	
D w0  -' >)
   U 	


 V II ; H
V II ; H    V II ; H    V II ; H	  WÄ ?  ?9 µKN}¶
I	'   ?V     
	 ?A   
 (
C  1G '	   U L À-;;  Ä  @ C K G S . I ; .  F H. I ; H (  w5]5%1^1%	'%,		w)"! '! 	
!	
!-   
 5 ! @ 34]"6	
(!0 (  *  F C+ - 	F * - ?  @ CÄ  & K & G ` 	- M C  G HI U E   F H I ; .  U E L Ä  S a
R] - 	 
 5w	 " 5''-3  $'0(0R' "!0 ]"<4	 B#10'w5&' (
C 1G  l	 M>%5%	 -&'0 S 
 5 5'<
(34&! "! ?!$ 
     U E7F  	'<5'	 Q U  L À-;;  Ä  @ C  KrG S . I ; .  F H. I ; H (
 w551l1%	'%!m	(!	 /"!  	
	
 -E F 
 5 ! @ 34"$	
(,0 ( ' *  F + - 	F  * - ?  @ CÄ  & 'K & G ` 	- M C  G HI U E   F H. I ; H +U E L Ä S a
É  ~*)Ç  e1fiUxiut[yN{w+u{[w  @ C  KGxu!wpvi  @ C  K!G ?  @ CÄ  &  K!& Gu{   @ yNs-t  ­:i&u}tzpr­-+u!wi pr{6spz{-u$Ä¦  prhi&{pzyN{hy  itK°
éé Ó!z{%{ø%|
}   !0(0 )5	
#%
(	 /5
   $'	$'
e
u}+®qtrpz{@wfi1¢[s-i¤wxpzyN{y © f-i  }pr{- ª hi&xpru{yN|~wpry}{:{i&i  wxyk}y  i&i&|Xi&pr{:{u{&pru}tqhmy  itztrpr{-Á
uw@tzi¤u}w © xy}h#ufi&s-xprwpv|Xy}pr{[w²y © ¼qpzi ¥ °1nqy:Á ¥ i ¥ pztrtf-yNwxtzi¤&utrtÅwxf-i|-xpz{:pr|-tzi¤1wf:u!w²Ny!¼}i&x{
wxf-i|pvpr{-3u}{  f-i  }pr{-ay ©Uª hi&xpru{Dy}|-wpry}{@wys:wxp © 6y}s¯u||-y[u}+fB° Z prxwÁ ¥ imyNhmi­u}+®wxy$wf-iyNpr}pr{ut  p§´VspzyN{ hy  it@µàN¶ ¥ fpr+f  xpz¼Ni¬wxf-iau}xi&w|-pvi|-xy~i¤,CE7F4Gµ ¥ pzwf U Æ[¶³°
Z s-wf-ihy}xi}Á ¥ i ¥ pztrtu}xs-hi ¥ fi&{6{-i&ixu}wxfu!wDC  6 ;*G@u{ ! P : < W ,  C P$G 6 !K < µK}N¶ymwfuw  K72 %  C P Jp G < ? . .>-C P$G%?& & & , !& & & & P& J < °
 	  *) (*):"!) 4(*42"! 7
7 3 % ) (98/"!	(:)
Z prxw ¥ i@{-ii  wxyyNhmi²­u}+®mf-yNwxtz>wy>tvu}xpv&u}t Hs-xy}|Xiu}{y}|~wxpzyN{|-pvpr{-wxf-i&yNN°dniw SMF­:i²u
Us-yN|:i¤u{$y}{[wxpz{-Ni&{[w&tru}pzh wxfu!wpv1u{-yN{-{-iNu!wxpz¼Ni ( M ¦JhiuNsxu}­-tzi7: < ¦J¼!u}tzs-i  +u{  y}h ¼}i¤³wyN°
ª s-hi © y}@wf-ixu®Ni¬y © prhm|tzpvpzwawxfu!w²pzw@trpzi¤pz{ !DJC)"wW( M G°e1f-ii|-i¤i{[wxu!wxpzyN{awxf-i&yNih © y}
>xy ¥ {-pvu{3hu}wxpz{-[utri¬f-y ¥ kµài&i· -c!¹ê¶wxfu!w
S MU1K CS M G   MK 8 a ; 8 UAK CIS M G   MK $ 8 a ;*E 8 µKj[¶
¥ fi&xi  pv²u; " ;-V8¦¨x¢Ns:uxipz{[wxi&}+u­tziD(>¦J|-xi  prwxu­tzi|-xy~i¤u}{  $ 8  U  .CE 8 GX 	 F   8 ° A@i{i FT U9K CSM% ( F G1xu!wpvi F U  K  FK $ 8 a ;*E 8 °
ª {Fu{u}tzyN} ¥ pzwf  prxxiwxikwprhihy  i&t
f-y ¥ wfuw@wf-i>pz{[wxi&}+ut  MF $ 8 a ;iE 8 xi&|-xii&{[w+1wf-i
µKutr}i­-xu}pr¤¶
Nu}pz{ © xy}h»wprhi VÇs-|wxywprhi = |-xy!¼qp  i  ­qwxf-i¯w+u!wxi&N C $ p8 G  [ p [ < µàuwi¼}i&xwxpzhi   V%W=
	wxf-i|Xy}w © y}trpryay}{[w+upr{@i&~uN³wxtz $ p8 s-{-pzwx¯y © u}xiw ¶³°²nqy:Á:uw@wprhiD=Á-wxf-i¼!u}tzs-iy © wf-i
|Xy}w © yNtzpryQpr{q¼}iwi  pz{ pv®[ u}xi&wx<E  Wa'a'aW]E < pvi&~uN³wxtz S M hy}{-i&wxu}«s-{-pzwxX|-s~wyNhmi ¥ u½
xy}s{  ÁVwfi>|Xy}w © yNtzpry $ F  "$0 
&!	 5 wfim|:u½}y´gS M ypzwpr¬{uws-+ut
wxy  i&{-imwfi$µºwf-iy}xiwpv&u}tv¶
"6'/
(1 uN
   02 > 0 FD U1K CS M% ( F G U9K CSM G   FK $ 8 a ;iE 8 a µKN}¶
± © S MA U SRC=^WE7M G³ÁVwxf-i>Fux®}y!¼3|yN|:iw$y © CE6F G@prh|-trpzi¤@wxfu!w   02 > 0 FC U 4RCV%W]E6F G³°¬± © S
pvi}s-tvui&{-yNs-}fBÁ[wxf-i&{24y}tr¼}iHwf-i¬|u}xu}­:yNtzpv@° $° @° & 4
& V
 (  L * 4 U ÆW 4dC=^W7aG  U S C=^W7a]Gu{ 
uw+upr}f[w © yN ¥ u  u||-tzpv&uwpry}{$y © ±8wy © y}xhstruf-y ¥ wfuw $ F U  O 4dCV%W]E7F G°
niwDsDyNhi«­uN+® wy ª hipv&u}{ y}|-wpry}{c|-pvpr{-:° ± © yN{-i  i{i$wfi |ihmprs-h(|y~i¤
C  F G FIH1J KL MN y © u{ ª hi&xpru{ yN|~wpry}{ ­q wf-i "¦¨nq{i&trti{q¼}i&try}|Xiay © p§w+|u½Ny´/|y~i¤Áwf-i{ wfpr
|ihmprs-h |-xy~i¤²pr¬us-|Xi&xhuwpr{-Nu}tziwxfu!w&u}{Q­Xi  i¤yNhm|XyNi  u}²wf-i  pz´Xii{i>y © u3hu}¦
wxpz{Nutri F¬u{  u6{-yN{  i&i¤u}pz{$|:u!wf-¦8&y}{[wpr{qs-y}sk|y~i¤ 3 F a `*arÁs:pr{-6wfiai|-xii&{[wxuwpry}{
|yN|:iwy © >xy ¥ {-pru}{3huwpr{-[utriÁ
 F U  F + 3 FqU  K   FK $ 8 a ;*E 8 + 3 F C3 K  U ÆvGa
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 f
n~yÁp © u¯wxxu  i&Çxi&|-trpv&u!wxiwfi Hs-xy}|Xiu{my}|-wpry}{itruwi  wxy¯wxf-iµºs{-®q{-y ¥ {:¶Hs-xy}|Xiu}{m|:u½}y´ M
s:pr{- $ F+Á:f-ipv@pr{D|:y[pzwpry}{$wy3­:iwxf-i&y}s-{[wi|:uw²u!w@i&¼Ni&xawxpzhiDV1y © wxf-iy ¥ {-iy © wf-iy}|~wxpzyN{
pr{D&uNi¬y © i~i&+pvi¬pz{:i
 FdU  F  3 F 6  F 6 S F a
±¨{Du}iy © u{6y}|~wxpzhu}tBi~i&+pvi¬y © fpr@&y}s-{[wxi&x|uwf-i ¥ pztrtuN³ws:utrtzfu½¼}iki-uN³wtrwxf-i|u½Ny´Fu!w
wxpzhiVpr{iu}tztÅyN|~wprhutÅi&qix&pri¬wprhiy~&&s-1­:i © y}xikwf-i|y~i¤-3FUtzi¤u½¼}i1Æ°
± © wxf-iF¼!uxpvu!wpry}{:utpr{-i¢[su}tzpzwcµKN¶3u  hpzwx3u i}s-tvui{-y}s-Nf yNtzs-wpry}{ # CV%WXP$GÁ@wfi&{ $ F U
 O # CV%WE6F G³°
±¨{>hyNw  iwihpr{-pvwxpr{qs-hi&xprut[hiwfy  &Á½wxf-iu|-|-xy½~pzhuwpry}{y © s+f>u  ipr¼!u!wxpz¼Nipvssu}tztrQtrixu}s-+u!wxiwxfu{ wf:u!wy © wfi © s-{wpry}{ # p§w+it © °6nqyÁp§wpvf-yN|:itzi¤kwxy6pzh|-tri&hi&{[w
s+f$hiwfy  1wymwfpri{  u}yqy}{6u}wf-i  pzhi&{:pry}{P;pv1}xiuwi&wxfu{ -°
  	  *)02 54%5(98/"!(*)
niw.C 	F  G K>[  [ 	  i&{-y}wiwfiwf-iy}xiwxprutÇ|-xi&hprs-h |y~i¤ky © wxf-i.>i&xhs  u$y}|~wxpzyN{ xi&tvu!wxi  wy
CS CV  W]E F G4G K>[ [ 	B°Ç±8w@pvu+C)( F G K)[ [ 	~¦8s-|Xi&xhu}wxpz{Nutri  i{-i  u}unq{-itztBi{q¼}i&try}|Xik­q
 	F  U i¤s-|  K FwCSRC W]E  GG7W- 
 	  
¥ fi&xi 
 	   i&{ywi¤wf-iiw@y © 5 ViW'aa'aWV 	 B ¦8¼½u}tzsi  ( ¦¨wxy}|-|pz{-mwxpzhi°
e1f-i{BÁ~wxf-iI( F¦ $¯yqy}­  i&y}h|XyNp§wxpzyN{y © C 	F  G1uNu>wf-i C ( FG8¦¨s|:ihuwpr{-[utri²qpzit  X
 	F U  	 + + 	  W
¥ fi&xiwC  	F G
pvHu ( F¤¦ !TJ+¦8huwpr{-Nu}tzi1u{  C+ 	F GpvHu¬{-yN{~¦  ixiuNpr{-¬pz{[wxi&}+u­tzi-( F¦8|-i  pv³wxu}­-tri
|y~i¤kµ+ 	K  U ÆN¶°±¨{ © uN³w¤Á~wf-ipr{&ihmi{[w1y © + 	  u{$iuNprtz3­:i|:i¤pzi  pz{&i
 + 	   U + 	  + + 	  F  U  	F=< H + K^F < H  	F U  SRCV  F !WE F < H G + K F =< H  	F  J a µK}N¶
e1fi²xi&|-xii&{[wxuwpry}{mwfi&y}xi&hÐu}|-|-trpzi  y}{i¤u}+fwxpzhi²pr{[wi¼!ut  ViW4V J  	IW U ÆW'a'aaW6wxf-i&{3[pri&t  u0(>¦J|yN}xixpr¼}itzmhiu}s-+u­-tri¬|-y~&ixC $ 	8 G 8 H1J KL MN xu!wxpr © qpz{-
 	  U  FK $ 	8 a ;*E 8 W Æ	?  ?9 W ¥ pzwf K  MK & .  CE 8 G $ 	8 & J ;  A  µK*h¶
µà®}ii&|$pz{6hpz{  wxfu!w5A  FK 8 a ;*E 8  F4U  FK & .>-CE 8 G  8 & J;  ¶°
¿²y ¥ Á-pz{Ds+fDui&wwpr{-:ÁyN{Nwxpz{qs-yNswprhif-i  }pr{-y © u,>ih>s  umy}|-wpry}{6pr@pzxi¤utrprwpv¬pr{i
wxf-iu|-|y½~prhuwpry}{Qy © u}{ ª hmipv&u}{F­qFu+>i&xhs  uay}|-wpry}{ pr  prxi³wxtzFhmy}wpr¼!u!wi  ­q  pvxxiwi
wxpzhi¬f-i  }pr{-$µKu!wwprhi#V  ¶³°Un~yÁqp§wi&i&h{uws-+ut:wymtzyqyN® © yN ¥ fu!w1uwxxu  i&1&u}{  y>­:i¤w ¥ f-i{
fi  Npz{-yN{-tz$u!wwxpzhi^Vq°Ue1f-pvtriu  1wya&y}{p  i&1wfitryNi  s-­:|uNi 	 y © !DJC . -CE  G ; "wa ;vV4G i{-i  ­[
 	 U  C 8 G 8 H1J K'L MN W	 8  U FiW    ViWV J  G%W	F9( F¦8hmi¤u}s-+u­-tri!W K  MK & .  CE 8 G
 8 & J ;  A   a
µK-jN¶
éé Ó!z{%{ø%|
N   !0(0 )5	
#%
(	 /5
u}{  wfiapz{  si  y}wfy}}yN{ut|-xyi¤³wxpzyN{ ?   	 yN{[wy  	 µ © y}>{-yw+u!wpry}{:utUpzh|-trpvpzw uD|y~i¤   	a¥ prtrtB­:iy © wi{$xi © ixi  u}CFG K>[ [ 	 ¶°H±¨{|:uwpvs-tvu¤Á © y}i¼}i&x  "!TJ-C.>-CE  G4; "wa ;-V4G* .  CE  G;?   	 C  G  * O . H <  < F J ? * .  CE  G   * O . H <  < F J a
$¯y}pr{-yÁ ¥ i © yNtztry ¥ &truNpv&utp  i¤u}Çpr{[wxy  si  ­[m­q Z y}trtzhi&#@cn~y}{  ihu}{6µ· f³¹º¶ © y}f-i  Npz{|s-|XyNi¬pz{6pr{yNhm|tzi&wikhux®}iw+kµài&iutvy$· f½¹º¶³°Ï¯{-i+f-i¤+®~Uwxfu!w  	 pv1pvyNhmi&wxpr ¥ pzwfwf-iiw
y © x¢[suxikpz{[wi}+u­-trikwxyq+f:u}wpv²pr{[wi&Nxu}tr ¥ pzwfDxi|:i¤³w1wyPCE F G K>[ [ 	ÅÁ-{:uhi&tr
 	    F a  E F; H W^C F G K)[ [ 	-  	  a
'yNh|-s~wpr{- ?   	 C $ 	 G$uhyNs-{[wx$wy hpr{-prhmpr£&pr{- K	 	   
F; HF  & .  CE 8 GC $ 	8 +  F G>& J ; 
 y!¼}i
C  G K)[ [ 	   	V°Unqiwwpr{-  	F  U ?   	 C $ 	 G1u{  wxu}{  u  y}h|-s-wxu!wxpzyN{1qpzit 
 	F  U L@K^F  F; HF . .  CE 8 G;  S F  K FL  F; HF . .  CE 8 G $ 	8 ;  S
U  K^F  E F; H C  E F; H G   F  K F C   	 J   E F; H G µK-cN¶U  K F  E6F; H C  E7F; H G   F  K F    	F; H  E6F ; H  a µàjNN¶
e1fi¯tvu}wi¤¢Ns:utrp§w © y}trtry ¥  © xy}h wxf-i © uN³wwfuw0+ 	  F  pvB( F< H ¦8hiu}s-+u­-tri²u}{ © xy}h wfi¬hu}wxpz{~¦[utri¯|yN|:iway © CE F G³°He1fipz{&ihi&{[w
   	F ; H  U  F ; HF  C $ 	8 +  	F  Ga ;iE 8 U   	 J  +  	F  a  E F; H µàjf¤¶
xi&|i¤i{Nw+Xwf-i ')-
(*)Dv10 	 pr{  s:i  ­[¯spz{-  	F pz{wi¤u  y © $ 	 °e1f-ii¤¢Nsi&{&i^C    	F G K>[  [ 	pvu0( F¤¦8hu}wxpz{Nutri¬pz{&ihi&{[w|-y~&ix&Á~pz{-Ns-tvu ¥ p§wxf6i¤|XiwwyPCE6F-G K>[  [ 	 pr{iK F C    F; H  E6F; H G U Æ-°Ç±8w@pv1|:y[pr­-tzi¬wxy  i{i¯wxf-i 0&!0 ]%5%
!0 %
 5 ­qK F &    	F ; H & J U1K^F L  F; HF  & .  CE 8 GC $ 	8 +  F G)& J ;  S W   5 ÆWa'aa%W+ Ä B a µàj[}¶
ª trpzwwtriutr}i­-+uqpri&t  wf-i © yNtztry ¥ pr{-Áqhy}xiu|-|-xy}|pvu!wxi © yN@¢Ns:u{[wpr£uwpry}{$|-s-x|:y[ivX
K F &    	F; H & J U K FN&   	F; H+ K F   	F; H & J + C K F  E6F; H  E F ; H G F   K F   	F; H  E6F ; H  J aµàjNN¶
Z y}xhs-tvuiµàjNN¶y}µàj[}¶Á­uNi  y}{ E6Fu{   	F  fu½¼Ni{u!wxs-xu}tu||-y½~prhu!wpry}{:­q6¢[su{[wpr£uwpry}{B°Ï¯{ wxf-iQywxf-i&3fu{  ÁkµK-c[¶u{  µºjq}¶u}iDhy}xiQu||-yN|-xpruwiwy |-xy  s&iQyNhmi P"$%
%
 i&xyN
­Xy}s{  µ ¥ fi&{Dprhstruwpry}{$y © wf-i  pz´Vspry}{6pv1|:y[pr­-tzi½¶³°
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 }
  	  *)02 54%5(98/"!(*) (*) "#.  4	 3./ 7
¡ fi&{«wf-i  pz´Vspry}{¾&u}{-{-y}wk­XiiuNprtrQprhs-tvu!wxi  Á ¥ is-­wpzws~wxiwf-iDµà&y}{[wpr{qs-y}s:¬wprhmi½¶ Hs-tri&
x+f-ihmi  i&{-i  ­q
! V   ViWV J  G%W EqF U EqF  .C EdF-GCFR+FGW EdK U  K5 Æa
e1fprU|-y~&ixHpv "¦  $a  a  i{-i  pz{&i²pzwpv* $a  a[{-yN{-£&iyaµà­-s~wpzwhu½m­:i¤yNhmi¯{-i&[u!wxpz¼Ni@y}{[wxxu}prtz
wxy wxf-i«yNpr}pr{u}t  pz´Xs:pry}{:¶° e1f-i&{Á²hpzhpv+®qpz{-/wf-i¾u­Xy!¼}i s­i¤³wxpzyN{BÁ@triu  awxy  i&{-i¾yNhi
|y~i¤i $ 	 Á  	 u}{  + 	 ­[
 	F  U  	  + + 	  C $¯yqy}­  i&y}h|XyNp§wxpzyN{G
 	   U  FK $ 	 8 .C E 8 G1;  8#U  FK $ 	 8 ; E 8 C ¥ pzwf  U V p W  ) V p W4V p J  GG
 + 	   U + 	  + + 	  F  U  	F< H + K F=< H 
	F U  SRCV F  W EdF< H GR+ K F=< H  	F  J a
u}{  + 	K  U Æ-°Çe1f-iaµKprh|-tzi+¶ © yNh>s-tvui © y}1wfif-i  Npz{m|y~i¤f-yNt 
 	F  U C K^F   E F  ; H  E F; H G F  K^F  C  
	F ; H  E F ; H G U Ä V J  K^F   F; HF $ 	 8 ;  a µàj}j[¶
e1fi¬xi&tvu!wxi  f-i  }pr{-  i © u}s-t§w@u}{  try~&u}tÅi¤p  su}tÅpv®au}i  i&{-i  ­qahprhmpv+®qpz{6µàj[N¶u}{  µºjN[¶%X
   	F; H  U  F; HF C $ 	 8 +  	F G%a ; E 8 U   	 J  +  	F a  EqF ; H µàj[}¶K F &    	F; H & J  U K F= &   	F ; H+ K F   	F; H & J + C K F  EqF; H  E F ; H G F   K F   	F; H  EdF; H  J aµàjNN¶
   4% ):"!	$&  .  :)  % )( % !  4/%I3 	
e1fiQ¢Ns:u{[wpr£&i  © yNh>s-tru}i © y}3w+u!wxi&}priu}{  i¤p  su}tpv®~u}iDpzh|-tr  ipr¼}i  © xy}h © y}xhs~¦
tvui$µºj[N¶yNmµàj}jq¶@­q6i|-tvu}pr{- E F Qµ E F i¤|Xiwpr¼}itz-¶­q$wfi&prk¢[su}{[wpr£u!wxpzyN{1-E F Dµ -E F xi|Xi³¦
wxpz¼Ni&tr-¶@u{   	  U \ 	 CE6FG@­[ - 	  U - \ 	 C -E7F!Gµ - 	  U - \ 	 C -EqFGxi|Xi³wxpz¼Ni&tr-¶³°¬±8w © y}trtry ¥  © xy}h
iwpry}{6>wfuw  	F  U \  CE F !Gpv@u|-|y½~prhuwi  ­q - \ 	 C/-E F G°UnqyÁy}{-iiwxµ © y}wxf-i  pz´Xspry}{:¶
- 	  U =  . .  C)-E7F!G F  -K   C - \ 	 J  C)-E6F; H GR+ - \ 	 C/-E6FGGC)-E6F; H + -E6F!G<a µàjih¶&  -  	F ; H & J  U K F &  - 	F; H+ K^F  - 	F ; H & J + C K F  -E F; H  -E F ; H G F   K^F  - 	F; H  -E F ; H  J aµàjvjN¶
éé Ó!z{%{ø%|
j   !0(0 )5	
#%
(	 /5
Ï¯{i  ipr¼}i¤Çwfi&pr&y}s-{[wi|:uwx -   	  Á &  -    	F; H & J © yNUwxf-i Hstzi1x+f-ihmi²­[u}{utry}N}°e1fi¯|Xy}pr{[wUwy­Xi¬{-ywxpr&i  pvHwxfu!wyNh|-s~wpr{- - 	F y} -   	  u!wu}pr¼}i{a|:yNpz{[w P p y © wfi  F# tvu½}i&i¤¢[s-pzxiHwy 
( "!%	
0.$m,	%
 ? ¥ f-pv+f  yqi¤1{-yw²&yNw1h>s+fB°
  &1
'%/ $'	' .Bk'	.  
k
.
e1fpri¤³wpry}{pv  i&¼Nywi  wywxf-i²i¼!utrsu!wxpzyN{y © wfi  pz´Xii{[wUi&xyNx²µà¢[su{[wxpz£¤u!wpry}{Á}xip  s:utxpv®~+¶
pr{  s:i  ­q3|u}&iu{  wprhi  prxxiwxpz£¤u!wxpzyN{B°
 /!(* 02 54% "#( 
3  %
Z prxwÁ~yN{-ikiqwi{  1wxf-i  i&{-pzwpry}{6y ©  	F u!w@u{qwxpzhiV ) ÆW4=
	Å­q3iwwxpz{
 	F  U  	F   FF $ 	8 ;iE 8 U  	F; H +  F ; HF $ 	8 ;*E 8   + 	  J  W V ) V  W4V  J 'G%a µàjvcN¶
e1fpr  i&{-pzwpry}{6prhm|tzpri1wxfu!w¤Á © y}i¼}i   5 ÆW'aa'a%W B Áqwf-itri © w¦Jtrprhmpzw²y ©  	 xu!wpvi
 	F  F U  	F    + 	  J  a µJN¶"  Í  Í    àÍ   w551 	(!	 	l" -21 "$]&5]5 SF U SRCV%W]E7F G R S 
 5 m5'<
(34&! "r ? 1$&'3
	
! (  ?55%1,w		B	<!
 1^i5
8&  &
'	 . 
 5  
 "$5'&]1
(	(&	
(!i5 (
C  1G  w)"r'    5 ÆW'aa'aWX B   	F ? 7F $ )"!  V  CViW4V J  G  C 	F + 7F G J ?  + 	  J  (
 1%	'%, " 3  $a  a  m/"!  V) ÆW=
	   &  	F +7F/& ? -#-L  M 	 CÄ  K FC 0 %  8 F& E 8 & J G4GW&  	F +  	F &;?  S 	 ) - K^F C 0 %  F   F & E F 7+ E F  & G%a
C 1G   0(0  
(i) >]1$<!0 r5 !m	(?])
(i).5		II)-
%5I
(		 . .> 	%
&
P

K   MK & .  CE 8 GC $ 8 + $ 	8 G>& J ; 
  K   MK & .  CE 8 G $ 	8 +.  C E 8 G $ 	 8 G)& J ; 
 ?  #L  =  a µJ1f¤¶
"  ÍBÍ    C  1G²e1fi>pr{-i¢[su}tzpzw$­:i&w ¥ ii&{  	 u{  <uw¯wxpzhi¤ Vapr¯y}­q¼qpzyNs²pr{i 7F1pr  i&{-i  u}
us-|-xi&h>s-h y!¼Ni&@utvux}i@i&w@y © wxy}|-|pz{-wxpzhi¤wf:u{ 	F °e1f-i{BÁs:pr{-wxf-is-|:ihu}wxpz{-[utri
|yN|:iwy © ¯Á~i¢[su}tzpzwFµºj*cN¶u{  i&{:i{pr{-i¢[su}tzpzwaqpri&t  
C 	F +  F G J ?sC K^F C 	F; H G   + 	  J  + K^F C  F  ; H GG J ? K^F C4C 	F; H +  F ; H   + 	  J  G J G ?  + 	  J  a
¿²y ¥ Á~spz{-mwxf-ii~|-xixpry}{ µàNN¶ © y}  + 	  J  u{   	F 6 SRCV J  WE6F; H Gprh|-tz + 	  J  U CS CV  W]E F !G + K^F   	F ; H G J ?sCS CV  W]E F !G + K F S CV  J W]E F  ; H GG J
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 N
¡ i{-ii  u!wwfpr@wxu}}i¯wysi¬wf-ixi&Ns-tvuxp§wy © S µKihmpz¦¨y}{q¼Ni.nBpr|x+f-pzw£yN{Nwxpz{qs-yNs+¶
S CV  W]E F G+ SRCV  J !WE F; H G U S CV  W]E F; H GR+ S CV  J W]E F ; H G  SRCV  WE F GR+ S CV  W]E F; H G?  S+	  ) -  V  J  + " # CV  WE F G%a CE F; H + E F G  % # CE F; H + E F G J a
A²i&{&i SRCV  WE F GR+ K^F SRCV  J !WE F; H G ?  S+	  ) -  V  J   % # K^F & E F; H + E F & J?  S+	  ) -  V J   % # K F  F; HF    C .F.  G'CE 8 G1; 
?  S+	  ) -  V J    % #  V J  LÅÄ  K FC 0% 8 F & E 8 & J G S
?  L # =  L Ä  K F C 0% 8  F & E 8 & J G S © y}@y}hiy}{:w+u{[w  #-L   Æa
Z pr{utrtr}Á~pzw@[pri&t    + 	  J  ?  L # =  L Ä  K F 7C 0% 8 F & E 8 & J G S a µJ}}¶
eyyNhm|tzi&wi¬wf-ipr{-i¤¢Ns:utrp§w © yN &  F +0 	F &§Á-y}{i¯:xw{-ywxpr&ikwfuwÁ-p © V  V1W4V J  G
 	F U  	F; H + 
F ; HF $ 	8 ;*E 8   + 	  J  ? SRCV J  WE6F; H G+  F; HF $ 	8 ;iE 8 µJN¶
ymwxfu!w  	F U K FC 	F GB6 K FCSRCV J  W]E6F ; H GG U SRCV%WE6F G  K FCSRCV J  WE6F; H GR+ S CV%W]E6F GG%a
 ¯pr{-u[upr{3f-ii&hpz¦8&y}{q¼}i&~p§w|-xy}|Xi&wy © SDu!wDCV%W]E F G{:utrtzaqpri&t  wf:u!w
 	F   L # =  L Ä  K^F C 0 % 8  F & E 8 & J G S 6 SRCV%WE F G%a
ª 1p§w@pv@us-|:ihu}wxpz{-[utri¬uN ¥ itztJÁ~pzw@{-i&ixu}prtzaxu!wxpri¤"¦  $a  a  	F   L # =  LBÄ  K F-C 0% 8  F & E 8 & J G S 6 3  	 	 CS CV%W]E6F4GG U 7F
¥ fpr+f$qpzit  wf-ii&q|Xiwi  xis-tzw°He1f-ii&y}{  pz{-i¤¢[sutrp§w3pryN­q¼[pry}s:yN{ik{-y}wpvi &  	F +  	F &@? 0% F  F & S CV  W]E F !G + SRCV  W E F !G)& ? S 	  ) - 0% F  F & E F C+ E F  &2a
C 1GÏ¯{iUyN{p  ixVwxf-i &vi0') i&hpz¦Jhu}wxpz{-[utri'7F/+  	F U 7K +  	K  FK C $ 8 + $ 	8 G%a ;*E 8 +,C3F/+ + 	F G¥ fi&xi?V  U  y}{ V1W4V J  G³°Ç±8w © yNtztry ¥  © xy}h ±8w".y © yNh>s-tvu © yNs-h|6|-y~&ixi¤Uwxfu!w M
K & .  CE 8 G'C $ 8 + $ 	8 G)& J ;   F  [$M C  + 	F G J  C  F +0 	F G J
U +²À  MK C  8 +  	8 F G'C $ 8 + $ 	8 G%a ;*E 8  À  MF C  8 +  	8 F G ;$C3 8 + + 	F Ga
éé Ó!z{%{ø%|
}   !0(0 )5	
#%
(	 /5
¿@y ¥  MK C  8 +0 	8 F G ;$C3 8 + + 	 8 G U  MK C  8 +0 	8 F G ;3 8   MF C 	8 F + 8 G ; + 	 8
?  MK C  8 +0 	8 G4; 3 8  F  [6M C  + 	  G J
pr{i  	F F U  	F   + 	  ?  F   + 	  °Qe1f-pvqpri&t  &Á
spz{Dwf-i3pz{-i¤¢[sutrp§w«y}­~w+upr{-i  pr{ C  1Gu}{  µK}N¶³Á
 M
K C  8 +  	8 F G ;$C3 8 + + 	 8 G ?  #L  =   MK CÄ  K 8 0%   ,8 & E   & J G4; 3 8  + 		 0 % F  F [$M  + 	 
? -#L  = 

 3 M  Ä  <>?8 H1J KL MN C KD80 %   8 & E   & J G 
   Ä  <#>?8 H1J K'L MN C K 80%   8 & E   & J G 
 J  a
Ï¯{-i+fi+®~wfuw  FK C  8 +  	8 GC $ 8 + $ 	8 G4;*E 8 pv@u>wxs-ikhu}wxpz{Nutrikymwf:u!w
K   MK & .  CE 8 GC $ 8 + $ 	8 G>& J ; 
 ? -#-L  =  C * 3 M */.  ÄrG7CÄ  * 0% 8 H1J KL MN & E 8 & J */. Ga
¿²y ¥ 3 M5!DJpr{iÆ? 3 MG?  K   MK $ 8 ;iE 8 ¥ fpr+f6qpzit  wf-ii&q|Xiwi  xis-tzw°
e1f-i²pz{-i¤¢[sutrp§wpz{q¼}yNtz¼qpr{-¬wf-i Hs-tri&Ux+f-i&hipvÇy}­-wxupr{-i © yNtztry ¥ pr{-kwf-i@xuhi@u}|-|-xyNu}+f>spz{-
{y ¥  	 +  	 °
K  MK & .  CE 8 G $ 	8 + .  C E 8 G $ 	 8 & J ;  ? À K  MK C 	8 +  	 8 G ;$C3 	8 + 3 	 8 G  K CS C=^W]E MBGR+ S C=^W EqMdG4G J
? À S+	  ) - K  MK K 8 L 0% F  8 & E6FC+ EdF & S ;$C3 	8  3 	 8 G   S 	 J  ) - * E M+ E M * J.
? K  <#> ?FIH1J KL MN K F L 0 % F  F & E F C+ E F  & S C3 	M  3 	M G 
   * E M + E M * J.
?  <#>?FIH1J KL MN K F 0% F  F & E6F + EdF &  .  * 3 	M */.  * 3 	M */.    * E7M+ E M */J.? #-L  =   * 3 	M */.  * 3 	M */.  Ä  a µKj[¶
¿²y ¥ * 3 	M */. ? *  	K *).  *  MK C $ 8 + $ 	8 G ;iE 8 */. ?   CÄ  * <>?8 H1J K'L MN & E 8 & */. G  E,CÄ GÁUf-i{i<>? 	 * 3 	M * . A  °%'yN{i{-pr{- 3 	M yN{-ikfu}
* 3 	M + 3 	M * . ? *  	K * .  *  	K * .  *  MK $ 	8 ;*E 8 +  MK $ 	 8 ; E 8 G * . ?   E,CÄ    G C  ÂiG
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 *h
ymwfuw <#> ? 	 * 3 	M */. A  °Htrs-}Npz{-mwxf-pr@­u}+®apr{¾µK!jq¶1yNhm|tzi&wiwxf-i|-xyqy © °  
¡ i¯u}i@{y ¥ pr{a|XyNp§wxpzyN{wy>}iwu+wi¤s-tzwu}­:yNs~wUwxf-i¯&y}{[wxy}t-y © i¤p  su}txpr®~Çpr{  s&i  ­q
wxf-iksi¬y ©
 pvxxiwi¯wprhif-i  }pr{-mw+u!wxi&Npzi¤&°
±8w@f-y ¥ wxfu!w1wfpr&y}{[wxy}tVpv1ixi{Nwxpru}tztrxs-tzi  ­q
wxf-i|uwf~¦8i}s-tvuxpzwmy © wxf-ik|-xyq&ix $ °
  ÉqÍ  É     S 
 5w5'<
(34&! "r ?+!$ S $ . !  
 "$5&i
(	&! 	
( !i5  	(
* .  CE  G'C $  +  	 G * O . H < < F J ? * .  CE  G'C $  +   G * O . H <N< F J    R' 	 U ?   	 C $ G µJ}}¶

 5	 "$'&	
!  C$ !  	 (  1%	(%! * .>-CE  G'C $  +   G * O . H <N< F J )*5D	I Æ r5  )*5	IÆ(
   	i
 5	 % Ri
&vI"'$r5/ 	 "	(13 I)10%
(	=  7$ 8  %10%5w	m!	 /4D&! "!')v'$& ("  ÍBÍ    Qpz{-®Ny ¥ ®qpVpr{-i¢[su}tzpzwaqpzit  
* .  CE  G'C $ 8 +  	 G * O . H <N< F J ? * .  CE  G'C $  +   G * O . H <N< F J  * .  CE  GC  +  	 G * O . H <N< F J a
¿²y ¥   +  	 U ?   	 C $  + $ 	 G1ymwf:u!w@­qa±¨{-i¤¢Ns:utrp§wFµJ1f½¶Upr{6Hxy}|XyNp§wxpzyN{6C1GÁ* .  CE  GC   +  	 G * O . H <N< F J ? * .  CE  G'C $  + $ 	 G * O . H < < F J ?   a
¿²y ¥ Á!tzi&w ­Xiu²­:yNs-{  i  u  u}|~wi  yN{[wpr{[sy}s¦J|:u!wf|y~i¤°nqi&w  8  U =  F; HF    ; RW  
 V  WV  J G°% ²pr{-mwf-i|-xy}|Xi&wpri1y © ?   	 Á-yN{-ik}i&wx* .  CE  GC $  +   G * O . H < < F J ? À * .  CE  G'C $  +	  G * O . H < < F J  * .  CE  G'C
  + ?   	 C
DG  G * O . H <N< F J? À * .  CE  G'C $  +	  G * O . H < < F J  * .  CE  G'C
  +	  G * O . H <N< F J? À * .  CE  G'C $  +	  G * O . H < < F J   
M
K & & .CE 8 G)& & J ;  CmC W =  G$À *  *  G J  O . H  J
¥ fi&ximC
 W "G  i{-ywxi1wxf-is-{p © yNh0yN{Nwxpz{qs-pzw3hy  s-trs²y © °Ï¯{iyN{trs  i¤spz{-awfuw@wf-i
|uNi! C . -CE6F G ; " ;-V4G²pr1i¼}i ¥ f-ii  i&{:ikpr{"!DJ-C.>CE6F4G ; " ;-V4Ga  
  	  *)73!(9 )64   "!.  4/% /3% "!  R4% )*"!$&% "!(*)
¡ i ¥ prtzt © y~&s1y}{wf-iixy}uwwxpzhiV K?U Æ-°"  Í  Í    àÍ      
 "$5'&]1
(	(&	
(!i5  >!16- !$.1
 %/0  0(02
 "$	
&!$.
  S 
 55'<
(3& "! ? !6  
 " 5'&]1
(	(,&	
(!i5  	'
&  	K + - 	K &@? ,CÄ  &  K@& G)&  .C   G HI a
éé Ó!z{%{ø%|
-j   !0(0 )5	
#%
(	 /5
"  ÍBÍ    e1fif-i  Npz{m¼Niwy}+  	K u{   	K xu!wxpr © axi|:i¤³wpr¼}itz
C K C  E F H  E F H G4G  	K U K CC 	 +  	K G  E F H G µJN¶
C K C  -E6F H - E F H G4G - 	K U K  C - 	 + - 	K G  -E7F H  µJvh¶
¥ fi&xi  	 U \ 	 CE F H Gu}{   	K U \ 	K C K GÁ
i&wx}°Qe1f-i3¢[su  xuwpv¢Ns:u{[wpr£uwpry}{
-E F H y © E F H ­:ipz{-yN|~wprhut-u}{  E K ­Xi&pr{-  i&wi&xhpz{prwpvÁyN{-ifu} K C  E F H   -E F H G U  -E F H °
e1fi&{u¬w+upr}f[w © y} ¥ u} &y}h|-s~w+u!wxpzyN{$f-y ¥ wfuw
K C  E7F H  E F H G + K C  -E6F H  -E F H G U K C]C  E6F H +  -E6F H G'C  E6F H +  -E6F H G  G
ymwfuw & & K C  E6F H  E F H GR+ K C  -E6F H  -E F H G4& & ? K *  E7F H +  -E6F H * J. ?  
HI 

J
a
¿²y ¥  K CC 	 +0 	K G  E F H G + K  C - 	 + - 	K G  -E F H  ? *  -E6F H */. C *  	 + - 	 *).  &  	K + - 	K & G  *  	 */.!* E6F H +
-E6F H *).? *  E6F H */. ,CÄ  &  K!& G C=   G HI   HI ? ,CÄ  &  K@& G  C  G HI
¥ fi&xi ¥ i>s:i  pr{Fwxf-i>tvu}wpz{i¢[sutrpzwwxfu!w * -E6F H */. ? * E6F H *). ?   M 	 CÄ  &  K@& G°Ï¯{-i  i&xpr¼}i© xy}h µK[¶u{  µK*h¶Uwf:u!w
& K C  E F H  E F H G'C  	K + - 	K G)& ?  K CC 	 +0 	K G  E F H GR+ K  C - 	 + - 	K G  -E F H  
 & & K C  E6F H  E F H GR+ K C  -E6F H  -E F H GZ& &>& -K &? ,CÄ  &  K@& G  C  G HI   .I ? ,CÄ  &  K!& G  C=   G HI a
A²i&{&i}Á-yN{-iky}­~w+upr{wfi © y}trtzy ¥ pr{-mi¤s-tzw­q3pr{[¼Ni&wpr{->wf-i&y!¼½u}pvu{:i²huwxp§pr{i
&  	K + - 	K &@?& &C K C  E6F H  E F H G4G F  & & ,CÄ  &  K@& G  C  G HI a
¿²y ¥ Á~p§w © yNtztry ¥  © yNh wxf-iy}­q¼qpzyNs-. .>-C P6G-6 !K C2 % CP Jp Gwfuw
K C  E6F H  E F H GB6 L rK  F HK 02Z3 [ p [ < K CIE p8 G J ;  S  < 6 L !K  F HK 02Z3 [ p [ < C K E p8 G J ;  S  < U C 0243p C  pK G J rK= G  <
ymwfuw& & K C  E F H  E F H G4G)& & ?  F JK C 02Z3p  pK G F J = ¥ f-pr+fD&y}h|-triwi¤wf-i|yqy © °  
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 -c
  
 868!( /%'"!	(*) ( "!./1M"#!%'" E+ !%'"# (A (*)** ) 
±¨{$wxf-pr²i¤³wpry}{ ¥ i¬i¼!utrsu!wxi¯wxf-i O}try}­u}tIQ²i¤p  su}tÅpv®ay}{ ÆW4=9+ " 	pz{  si  ­qwxf-isiy © wf-i
wxpzhi  pvxxiwpr£uwpry}{y © wf-i  pz´Vspry}{ ¥ pzwfDwi&| = a `*a
K  M FK & .  CE 8 G'C $ 8 +  8 G>& J ;  © y}@y}hi " V F   a µJjN¶
¥ fi&xi $ F pr  i&{-i  ­[6µà}j[¶Çu}{   F  U ?   	 C $ GÇpvUwf-i¯|-y}iwpry}{y}{wxf-i¯iw  	y © itzihi&{[wxu}
|i  prwxu}­-tziw+u!wxi&}pri°HÏ¯s-­u}pv¬uNs-h|~wxpzyN{pv
C  G  C) G    Q C : < GW C)  G ,  6 !K  < W C    G *  0. *  A  a¿²ywiwf:u!w- 2.-C P$G U &  CP$G P   CP$G ¥ f-ii &  U C &   W'aa'aW &  < G ¥ pzwf &  p wf-i  u}yN­-pvu{huwxp§ y © wfi' F# y}trs-h{ y © wxf-i3hu!wxpz  ° nqy 0.pr}i{-i&+utrtz«{-yw>­:yNs-{  i  ° A@y ¥ i&¼Ni&¤Áp ©&  CP$G U E,CX& P& F  G ¥ f-i&{ & P&qNyqiwypr{~{-pzw}Á-wf-i{ *  0. * pr{p§wxi}°  ÉqÍ  É   w5]5%1 	(!	 C  G !0!5.	% () 	 " 	  U  F    ( ' 	(]  ?v
 5%	5 5', 0
&5%	I	5 3 !$   - "'$
(*)+!_	( >1$r5D  . !$.
(	5  5	B	   -'%
 "r	
 "!5 
.5& 		
K  M F	K & .  CE 8 GC $ 8 +  8 G)& J ;  ? 3 CÄ  &  K!& G   Ä H
 F    a µJcN¶
É  ~*)B}  @y}s-Nf-tz|:i¤u®qpz{wf-i¯u­Xy!¼}i@xis-tzwu½~wxfu!wy}{ai¼}i&x  ÆW= + " 	W "  Æ-ÁNwf-i¬|Xi&i 
y © &y}{q¼}iNi&{&i²pr{"!DJkpr1y © yN  i& 	 H 
 °lniw@s1{-y ¥ yNhmhi{Nw1wxf-ikwxs-iwxu!wxi&hi&{[w¤°
Y e1f-i © uN³w1wfuw ¥ ikhu½w+u®}i  ÆW4=9+ " 	 	IW" 	 U  F   xu½~Uwxfu!w²uNqh|~wxywpv&u}tztr ¥ ik&y}{[wxy}twxf-i ¥ f-yNtzikpr{Nwxi&x¼!ut' ÆW4=?G%a
Y e1fi © u}³wUwfuw    	 yNhiÇyNs~wUpv  s-i@wykwfi@{-y}{s{-p © yNh»i&trtzpr|~wxpr&p§wmy © E Xwf-pvHpvwxf-i²y[wy © wxs-{u!wpry}{Qu}yNs-{  £i&xy°kÏ¯{ihu½$tryqy}®6u!w¯wfuw¬y}hi ¥ u½xy}s{  X1p ©¥ if:u D¥ y}x®}i ¥ pzwf
wxf-is-{-p © y}xhtzDitztrpz|-wpv  p§´VspzyN{&  U 	 3 E pr{wxiu  y © E1ÁVwfi&{«wf-iy}­:w+u}tri © s{³wxpzyN{«­Xi&y}hi
SRCV%W  ? P$G¬u{  fuN¬u}{Fi&q|Xy}{i&{[wpvut
}xy ¥ wfB°n~y ¥ i{-ii  wywxs-{u!wimu} ¥ i&trtu}{  wxf-iyNwkpr
wprtrt  	 3 Ç°
Y ±¨{FhyNw¬{u{:pvutÇu|-|tzpv&uwpry}{²wf-imy}­:w+u}triSFpvku!wkhyNw npz|x+f-pzw£yN{Nwxpz{qs-yNsmµ © y}¬iq¦u}h|-tzi SRCV%WXP$G U ` F  F C3 + `  F P6G J © y}u$|-s~wy © wxpr®}i3«¶° A@y ¥ i&¼}iÁÅp © wf-iyN­w+u}&tzipvhy}xixi&Ns-tvu¤ÁB{uhitz_S    L J-WÅwxf-i&{ {y$xi&Ns-tvuxpz£impv{-ii  i  u{  wfii¤s-tzwpr{-Dixy}kpvy © y}  i&
Ä    °
nqyNhi3wxi+f-{-pv&u}t  p2kast§wxpzi¤mu}pvi ¥ f-i&{ i&¼!utrsuwpr{-Qwxf-i3wxi&xh pz{cµKj[¶  pzxiwtr}ÁHy ¥ ia+w
xi  si¬wfi|-yN­-tri&hÐwxyupzh|-tri&²y}{-iN°e1fprpv  yN{-ikpz{$w ¥ ywi|°
É     !  (, 	  8  U .  CE 8 G $ 8  ! ;  8  U = K F  F; HF    ; RW   ViWV J  G (  '
K  MK & .  CE 8 GC $ 8 +  8 G)& J ;  ?    K  MK &  8 +  8 & J ;  a µK}N¶
éé Ó!z{%{ø%|
N   !0(0 )5	
#%
(	 /5
"  ÍBÍ   ¡ i>wih|:yNxu}prtz  i&{-i 
 8  U ÄV J  + V K F  F; HF $  ; !W4V ?  AsV J  °¿@y}wiwfuw 
pvu{u  u|-wi  |-y~&ix ¥ f-pv+fapv|-pzi¤i ¥ pri¯&y}{wxu}{Nw¤°n~pz{&i>pvHwxf-i !TJ +|y}i³wxpzyN{y © $ y}{3wf-i
s-­|uNiky © wf-i¤ikwq|Xi¬y © |y~i¤iÁ ¥ ikfu½¼Ni
K  MK & .  CE 8 G'C $ 8 +  8 G>& J ;  ? K  MK & .  CE 8 GC $ 8 + 
 8 G)& J ; 
? À K  MK &  8 +  8 & J ;   À K  MK &  8 + .  CE 8 G 
 8 & J ;  a
±8wxi&hupr{wxym|y!¼Ni²wxfu!w1wfii¤y}{  wxi&xh pz{$wxf-ikpr}f[wfu{  y © wxf-iu­Xy!¼}i¬pz{-i¤¢[sutrp§w3pr  yNhp§¦
{:u!wi  ­q   Ç° ¡ i ¥ xp§wxi¯wxf-pv1wih u}
K 	 F   K 
F; HF  .>-CE 8 G V  J  K F  F; HF $   ;  + Ä V  J  K F  F; HF .  CE   G $   ;   J ;  ? ÀC    G
¥ p§wxf   U K 	 F   K 
F; HF  .>-CE 8 GR+ . CE6FG V J  K F  F ; HF $   ;   J ;  W
  U K 	 F   K 
F; HF   Ä V J  K^F  F; HF  C .  CE   GR+ .  CE F G4G $   ;   J ;  a
niws1i&¼!u}tzsuwi  °Hnqiw   U Vp ©   ViWV J  G³° 'yN{  pzwpry}{u}tÅn-+f ¥ uw£  pr{-i¢[su}tzpzwaprhm|tzpriwxfu!w




K F  F ; HF C .  CE   G+ .  CE6F!G4G $   ;   J ? K F  F ; HF * .  CE   GR+.  CE6F * J ;  K F  F ; HF & $   & J ; 
?  .  	 J  ) -  F; HF K F  & E   + E F  & J ;  K^F   F; HF & $   & J ; da
¿²y ¥ Á!tvu}xpv&u}t}xis-t§w+u}­:yNs~wUs-tzi
x+f-ihmi¤y © pz´Xspry}{ ¥ p§wxf/npz|x+f-pzw£y}{[wxpz{qs-yNs&y[i'kapri&{[wx
qpri&t  wxfu!w¤Á © y}i¼}i 9  ViWV J  GÁ
K^F N& E
 
+ E F  & J ?   V  J  K F   CÄ  <#> ?FIH1J KL MN & E F & G J 
 a
© yN@yNhi¬|XyNpzwpr¼}iki¤utB&y}{wxu}{Nw m° 'yN{i¤¢[s-i&{[wtr
 ?  =  K  	 F   K K F C4CÄ  <#>?FIH1J KL MN & E7F & G J G K F 
F ; HF & $   & J ;  

æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 f
?  =  K	 CÄ  <>?FIH1J KL MN & E6F/& G J 	 F   K K F 
F; HF & $   & J ;  

?    CÄ  <#> ?FIH1J KL MN & E F & G J  . 
	 F   K K^F $  J 
 .
¥ fi&xi   J 6 U  F  ; HF & $   & J ;  © y}i&¼Ni&x   5 Ä-Wa'aa%W+ Ä B °Hnqpr{ikwxf-i    @u}i¬{-yN{-{-i&[u!wxpz¼Ni}Á
	 F   K  J  J  ? 
	 F   K   J  

J
ymwfuw K	 	 F   K K F 	  J  

J ? À K  	 F   K C)  J %+ K^F    J 'G 

J
 À K  	 F   K   J  

J
? À K 	 F   K    J  + K F	  J ' J  À K 
	 F   K   J  

J
? Â K  	 F   K   J  

J
U Â K   MK & $   & J ;  
 J a
Z pz{:utrtz  ?   * CÄ  <>?FIH1J K'L MN & E F & G J *).  
M
K & $   & J ;   . a
±8wpvu«wxu}{  u}  i¤s-tzwy}{  pz´Xspry}{mwxfu!w * CÄ  <#> ? FIH1J K'L MN & E6F)& GJ *). pvm{-pzwiN° ±8wxi&hupr{>wy
|y!¼Ni@wf:u!w1wf-i¬wxi&xh pz{q¼Ny}tr¼[pr{- $ pr{p§wxi}°Unqpr{iI. .  CE 8 GB6  K E 8 E 8  < Á~pzw © y}trtry ¥ Uwxfu!w & $ 8 & J ? F K 0 %   [ p [ < CE p8 GJT&  8 & J y>wxfu!w¤Án~+f ¥ u}wx£¯±¨{i¢[sutrpzwaqpzit  
K   MK & $ 8 & J ; 
 J ? LK <>?K)[$F\[$M  CE pF G F    S   J 
 K   MK &  8 & J ;  
   
  J?  
 K   MK &  8 & J ; 
   
  JA  a
ª DE F F  U CÄ E pF G¯xu!wxpri¤u{ i¢[su!wxpzyN{ prhmprtvu¬wy µ4f¤¶³Áp§w+s|-ihs-h fu}¬{p§wxi|:yNtzq{-yNhmpvut
hyNhmi{[wx° Z pz{:utrtzNÁ½wf-itruNw
pz{i¢[sutrpzw¯pvu²wxu{  u ¬© u}w © xy}h  /E    wf-iy}xmµKii¯·¸!¹[yN·¸¤¹º¶³°n~y ¥ ikfu½¼}ik|-xy!¼}i  wxfu!w  ? 6Ç°
Ï¯{-ikwxi¤u!w+ wf-ixuhi ¥ u½xy}s{  °  
  3e1f-iiyN{  w[|Xiky ©Ç pk&s-tzw ¥ f-pv+f$u}|-|Xiu+1pv  s-ikwymwxf-i © y}trtzy ¥ pr{-mw ¥ y © uN³wxX
Y e1f-i@y}­:w+u}tri SRCV%WE F GÇpvU{-y}ws1kapri&{[wtrhyqywxf3u{  y ¥ i  y>{-ywUf:u½¼}i²u{pr&i¯yN{[wxy}t-yN{wxf-ipr{xiuNpr{-m|-y~&ix 3/°
éé Ó!z{%{ø%|
[   !0(0 )5	
#%
(	 /5
Y e1f-i  pz´Xs:pry}{Q|y~i¤?E pr¯{-y}w¯s-{-p © y}xhtz$i&trtrpz|~wxprµº­Xiusi2.CKÆvG U Æ[¶@u{  y ¥ i  ya{-ywf:u½¼}i¬{-pr&ii&¼!utrsuwpry}{y © wfi  i&{pzway © E6F+°
±¨{QyN  i&1wy3y!¼}i&+yNhi¯wxf-ii  pkas-tzwpri ¥ i ¥ pztrtxi&|truNimE ­qu}{Di&trtzpr|~wpv  p§´VspzyN{  i&{-y}wi 
E u{  wxf-iky}­wxuNtriDS6­q3uhyqywxfyN­w+u}&tziDS °H¿²uhitzNÁ~tzi&w[2 Æmu}{    Æ° ¡ i  i{-ivX
Y ª© s-{wpry}{_S    L J*C : J &: < W:/Gspz{-uaxi&}stru}pr£uwpry}{$­[6yN{q¼}y}trs~wxpzyN{$y © y}  i&By ©S°Ç±¨{$|uwpvs-tvu¤Á-pz{&iDS$pr^npz|:+f-pzw£&y}{[wpr{qs-y}sÁ ¥ i¬f:u½¼}i
* S+ S *  ? D u{  * C & F  ( GS *  ? D F  µKf¤¶
¥ fi&xi ( pvwf-ipr{~{p§wxipzhut}i&{i&+u!wyNy © wxf-i  pz´Xs:pry}{PE1°
Y ªc© s-{wpry}{Po + Q C : < W: < G1xu!wxpr © qpz{-
o  CP$G  U  P p © & PR& 6 ` F  OJ  O  ` F   p © & PR& ? J ` F   u}{  <>?  K *  o  *  ?   © yNi&¼}i3hs-tzwpz¦Jpr{  i& # °
e1fi&{wf-iu}|-|-xy½qprhu!wxpz{-  pz´Xs:pry}{Dyqi'k&pzi{[w .   U . #o xu!wpvi.  .   CP$G 6  KÂ ` F J   u{  *  .  *  ?   © y}i¼}i # a µKN}¶
¡ iyN{p  i{-y ¥ wxf-iyNtzs-wpry}{PE O y © wxf-imE   
;iE F U E F C r;vV  .  CE F G ;  F4GW E K U P a
n~y}hiwxpzhi^E OF ¥ prtrt  i&{ywikwxf-iy}trs~wpry}{6w+uwpr{-u!wP°He1fiitruwi  nq{-itztÅi{q¼}i&try}|Xi
 F U i¤s-|  H
	  K^F S C W]E  G%W
xu!wxpri¤Uwxf-i  /E   
 F U S C= W]E M G  3 M + 3 F +  MF  8 a ; 8
© yNUy}hi{-y}{  ixiuNpr{-k|-xy~ix	3 u}{  yNhmi@u  u|-wi  x¢[suxi1pz{[wxi&}+u­tzi|-xy~i¤  ° ¡ i@xi © i&wxy6· }½¹u{  ·¸½¹ © yN1wf-pv1wxy}|-pv° ¡ iutvyyN{p  iwf-iu}|-|-xy½qprhu!wxpzyN{
 8 U = K^F  F; HF  8 ;  W V  ?  A V  J a
e1fi&{ ¥ ifu½¼Ni²wxf-i © y}trtry ¥ pz{-mtri&hhu-°
É      ?55%1,D	(!	 C  G 0r5
K  MK &  8 +  8 & J ;  ? ,C` F 	   .  M   J G  K  MK   8 +  8  J ;  µK}N¶
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 N
"  ÍBÍ   ¡ isi¬wf-iwxu}­-pztrpzw3|-xy}|Xi&wy ©   <E    rµKiim·¸!¹u{  ·¸½¹º¶pz{6y}  iwxyy}­~w+upr{
K  MK &  8 +  8 & J ;  ?  K <#> ?K>[ 8 [$M & SRC  W]E 8 G+ S C  WE 8 G)& J? ,C J  K <>?K)[ 8 [$M & SRC  WE 8 G+ S C  WE 8 G)& J G%a
$¯i{i U 2Z3 >5 V %& E6F &@? ` F   B u{ 3¥ ik{-ywxikwfuw"C  ? = G U "C 2Z3 K)[ 8 [$M & E 8 &@? ` F   G U "C <>?K>[ 8 [$M & 	  2 E 8 & 6  G%? w` F 	   .  M
wxf-itvu}w²pr{-i¢[su}tzpzw3pv²uawxu}{  u}  tvux}i  i¼[pvu!wxpzyN{ © u}³wmµài&iiN° :°·¸vh¹utzwf-yNs-}f6pzw¬&u}{6­:i>iu}prtz
+fi+®}i 3 prxi³wxtz3y}{6hy  i&tHµ f½¶³°
nqpr{&imE6F U E F © yN V ? ÅÁ ¥ iky}­~w+upr{
K  MK &  8 +  8 & J ;  ?  L  J  K L <>?K>[ 8 [6M C & SRC  WE 8 G)& J  & SRC  W]E 8 G)& J G !  [$M " SS? ,C? J  ` F 	   .  M Ga
Ï¯{wfiywxf-i&fu}{  pr{&i  u{   uxi¯wxf-i,! J C;vV1; "^G8¦8|-xyi¤³wpry}{:@y ©  u{   i¤|Xiwpr¼}i&trayN{wxf-i|u}&i  	 y © itzihi&{[wxu}|-xi  prwxu­tzik|-xy~ixiÁ ¥ ikfu½¼}i
K  MK   8 +  8  J ;  ? K  MK &  8 +  8 & J ;  ? ,C J  ` F 	   .  M G
u}{  wf-i|-xyqy © pr@&y}h|-triwxi  °  
¡ i{-ii  {-y ¥ yNhmiu}{utr[wpv&u}t © u}³w+1wf:u!w ¥ ii¤&utrtBf-iiµKii· }!¹u}{  · !¹ê¶° Z pz+w@y © utrt ¥ if:u½¼}i¯wf-ixi&|-xii&{[w+u!wpry}{
 F U qCV%W]E F GW  F U C .    7GCV%W]E F G
¥ fi&xi Dpvwfis-{-pv¢Nsiaµºpr{6y}hii&{ik{-yw@prh|:yNw+u{[wf-i&xi}Á-i&i·¸½¹º¶1yNtzs~wxpzyN{y © wxf-i F   
C & F  ( G dCV%WP$G   CV%WP W dCV%WP6G4G U ÆW qC=^WXP$G U S C=^WP6G%W
¥ pzwf
 CV%WXP W qCV%WXP$GG U # CV%WXP$GÄR   H FIL O J  # H FIL O J " C4C & F  (  G4S CV%WXP$GG J
¥ fi&xi # pruhiuNsxu}­-tzi © s-{wpry}{Ds+f3wxfu!w²Æ	? # ?cÄ}° $¯i&{-y}wi
CV%WXP$G U  CV%WXP W qCV%WXP$GG
u}{  {-ywxpr&iaµºxi&u}tztÇµKf¤¶¶wfuw <#>?K>[ F\[$M <>?O H  I & CV%WXP$G)& ?   a µKj[¶
éé Ó!z{%{ø%|
}j   !0(0 )5	
#%
(	 /5
¡ pzwf6wxf-pr@{-yw+u!wpry}{ Qxu!wpvi
C & F )(  G dCV%WP6G  CV%WP6G U ÆW dC=^WP6G U S C=^WXP$GW
u}{  y}{:i¤¢Nsi&{[wtr Qxu!wpviwxf-ihpzt © y}xh y © wf-iu}­:y!¼Ni F   
dCV%WP$G U F M F F S M C P6G  
M
F F 8 F F  8 C P$G4; 
¥ fi&xi.C F F G F  K pr²wf-imihp§¦8}xy}s-|Dy © wf-i  pz´Xs:pry}{_E F W:wf:u!wkpr F F NqC P$G UK NqCE OF G³°ke1f-pv²pv¯wf-i
i¤¢[su!wxpzyN{3wxfu!w ¥ prtztÅ­Xisi  pr{wxf-ii¢[s-i&tJ°
¡ iFwxs-x{ {-y ¥ wy wfi i&hpz¦JNyNs-|B° ±8w6pr ¥ i&trt¬®q{-y ¥ { µKii ·¸!j¹¬yN«· f³¹º¶awfuws-{  i&$wf-i
fqq|XywfiprQµKNN¶³Á F F C P W LG U 4F%C PRWLG ;ML u}{  © y}3i&¼}i    u{  i&¼Ni&x/h>s-t§wxp§¦8pr{  i # U
C #  W'aa'a'W #  G ¥ i¬f:u½¼}i

 &
F  O 4F%CP WLG  ? 3 CÄ  & PR& G  *V  J ; H. ` J   &+` F   < 	  . µKN}¶
¥ fi&xi 3 W 3  W D i&|Xi&{  y}{ # u{  y}{   © yNh µKN}¶aµº­-s~w{-y}w>y}{ X¶³°8nBi&w>s>|-pr{Nwmy}s~wyNhiprhhi  pvu!wxiyN{i¢[s-i&{:iBy © wfpri&¼!utrsu!wxpzyN{pz{y}s- © xu}hmi ¥ yN®V°nqpr{&i & S M C LG)& ? ,CÄ  & L & G%W spz{-
µÇ[}¶ ¥ i¬yN­~wxu}pz{




& F  S M
& P  C P6G




?  I  & 4  C PRWLG& P   & ,CÄ  & L & G4; L ? Ä " 3 CÄ  & P& G   ` J   µK}N¶




& J F  S M
& P  & P @ C P6G  ? Ä" 3 CÄ  & PR& G   ` J   µK*h¶




&
& P p F M F F S M C P6G + && P$p F M F 8 S M C LG  ? 3 CÄ  & P&  & L & G  "   J ` J   C  VR+   & P +L & Ga µK-jN¶
¡ i  iu}t{-y ¥ ¥ pzwf wf-ii&y}{  wi&xh pr{Fwxf-ipr}f[wkfu{  y © µh}}¶°mnqpr{i *  *  ?  R~ÁÅwf-ixuhiyNh|-s~wxuwpry}{uNu­Xy!¼}iµºspr{-DµàNN¶¶Npz¼Ni




& F   8
& P  C P6G









& J F   8
& P  & P @ C P6G  ? Ä". 3 CÄ  & P& G   ` J   µK-cN¶u}{ 




& J F   8
&  & P  C P6G  ? Ä"   J  3 CÄ  & P& G   ` J   a µIh!N¶
É      '	 \p U .  . O ) a
 $v	w@]"!	5%
 5 C  G  $ &]5''	016-'I 

 !6 !5
& \ p CV%WXP$GR+8\ p CV%WLG>&;? 3 CÄ  & PR&  & L & G   ` J   &   "  Ä  & P +L & 
 µIhif¤¶
!6
& \pCV%WP6G +8\pC  WXP$G>&;? 3 CÄ  & PR& G   ` J   &   "  Ä   VR+  
 a
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 [
m/"!'  P W L/: < !6.)"r'  V%W  6 Æ 5%&+		 & V +  &@? "!a"  ÍBÍ   ¡ ikwxu}®}i  ipr¼!u!wpr¼}i¤pz{$wfihmprt  i¤¢[su!wxpzyN{ © yN Qu{ $¥ i¬yN­~wxu}pz{Á © y} V ? =9+ "
\p]CV%WXP$G U &
& P p F M F F S M CP$G 
 M
F && P p F 8 F F  8 C P6G ; 
U &
& P p F M F H F J  J F  S M CP$G  
M
F J  && P p F 8 F H F J  J F   8 C P$G4;   
F J 
F && P p F 8 F F  8 CP$G4;  aµIh}¶
¿²ywxikwfuw@pz{$wfi+w1w ¥ y>wxi&xhpz{$wxf-iu­Xy!¼}iµh}}¶pr{q¼}y}tr¼}i F

ÁXyy}{iku{6sikwf-ixi&Ns-tvu¦
pr£uwpry}{Di&´Xi¤³wky © wfimi&hpz¦JNyNs-| ¥ f-pr+fFpr¯{-yw¯wf-i&uNi © y}¯wf-iwf-pr  wih6° ¡ imi&¼!utrsu!wxi+w
wxf-itvu}wwxi&xh pr{wxf-ixpzNfNwfu}{  y © wf-iu}­:y!¼Ni¯i¤¢Ns:utrp§wN°! ¯pr{-QµKN}¶





 F J 
F && P p F 8 F F  8 C P6G ;   ? *  *  
F J 
F
 I  && P p 4 8 F F C PRWLG  ; L1; ? *  *  3 CÄ  & P& G   ` J    F J F  I Ä +_V ` F   < 	  .  <  ; L ; ? *  *  3 CÄ  & P& G   ` J    F J F Ä  +_V ; 
?  " 3 CÄ  & PR& G   ` J   W
wxf-i¬truNwpz{-i¤¢[sutrp§w­Xi&pr{-uyN{i¢[s-i&{:i²y © *  *  ?  Rq° ¡ i  iutX{-y ¥ ¥ pzwf3wf-i¯+wwi&xhÐpr{wxf-i    E/y © µIhN¶³°  ²pr{-mwf-i Z i&q{-hu{-{-¦IeuN © yNh>s-tru
&
& P p F M F H F J  J F  S M C P6G U && P$p K F  S M CE OM F H F J  J G U <   K & F  S M& P  CE OM F H F J  J G & E O
L M F H F J  J
& P$p 
 a
 ¯pr{-pr{-i¢[su}tzpzwpriµK}N¶Áµàih¶u{  µK-jN¶Á-y}{ik+fi+®~wfuw





K & F  S M
& P  CE OM F H F J  J G & E O
L M F H F J  J
& P p + &
F

S M
& P  CE M F H F  J  J G & E  L M F H F  J  J& P p 
 ? Ä" 3 CÄ  & P&  & L & G   ` J   CX& P +L &   VR+8V  Ga
¡ ikws{${-y ¥ wxywf-ii&y}{  wih pz{$wfipr}f[wfu{  y © µIh}¶°  ²pz{-QµK-c[¶³Á~y}{i¬yN­~wxu}pz{: M
F J   && P p F 8 F H F J  J F   8 C P6G + && P p F 8 F H F J  J F   8 C LG  ? 3 CÄ  & PR&  & L & G  ". ` J   & P +L&a
'yN{p  i1{-y ¥ V   V1u{ ¥ pzwi





 M
F J  && P p F 8 F F  8 CP$G ;  + 
M
F  J  && P p F 8 F F   8 C P$G4;  
éé Ó!z{%{ø%|
N   !0(0 )5	
#%
(	 /5
?  F  J F J   && P p F 8 F F  8 C P6G  ;    MF  J   && P p F 8 F F  8 C P$G4;  + && P p F 8 F F   8 CP$G  ;  U     a
 ²pz{6µK-c[¶u}{  µhN¶³Á ¥ iky}­~w+upr{  ? 3 CÄ  & P& G   ". ` J   & VR+_V  &
 ? 3 CÄ  & P& G  "   J  ` J   & VR+_V  &@? 3 CÄ  & P& G   ". ` J     & VR+_V  &
wxf-itvu}w1pr{-i¤¢Ns:utrp§wa­Xi&pr{-auyN{i¢[s-i&{:i¬y © & V+_V  &@? "q°He1f-pv@yNhm|tzi&wiwxf-i|-xyqy © °  
e1f-iu}­:y!¼Ni¯tri&hhuu{  wxf-ii|-xii&{[wxuwpry}{  OF U C .    7GCV%W]E OF G1w+upr}f[w © y} ¥ u}  trqpzit 
 Í  Í ++à~ Ê   !m)"r'   A 0A =A+ " 5%&+	!	  +  A<Ä  A " 
 K &  O +  O 8 & J   J ? 3 CÄ  & P& G   ` J   &   "  Ä". Ä  
 a µIh!N¶
¡ iuxik{-y ¥ u}­-tzi¬wxym|y!¼Ni¬e1f-iy}xi&h h~°"  ÍBÍ Í     É[Í  É Å   ¯pr{-DµhN¶
K  M FK   8 +  8  J ;  U F  M F K 
F; HF  Ä V  J   F; HF C  8 +   G ;   J ; 
? 
F   M F
 F; HF Ä V J   F ; HF K &  8 +   & J ; !; 
? 3 CÄ  & PR& GJ   J `     &   "  Ä". Ä  
 J a
Qy}xi&y!¼}iÁqu}1u&y}{i¢[s-i{i¬y © wf-ik:xw1w ¥ ytri&hhu}
K  M FK & .  CE 8 GC $ 8 +  8 G)& J ;  ?    ,C` F 	    .  M   J G  3 CÄ  & P& GJ   J `     & Ä J C"  Ä " J Ga
±¨{$y}  i1wyhpz{-prhpz£i "  	  . ¥ i¬wxu}®}i " 	 U  F   ymwfuw"  	  . U   F    a:e1f-i&{BÁpz{$y}  i&wxyahpz{pzhpr£&i0 J   F J  F   ¥ iwxu®Ni  	 U  F  ywfuwN J   F J  F      F  ° Z pz{:utrtz ¥ iw+u®Ni  	 U  	 3  u}{  wxyy}­~w+upr{¾µJc[¶³°  
  61	%* " 1
	&>.    1	% a%$' .Å	*&
"	$.
±¨{ wf-pv6i¤³wxpzyN{BÁ ¥ iF|i¤i{NwDy}hiF{qs-hi&xpv&ut¬i~|Xi&xpzhi{Nw+6y}{:i&x{-pr{- wxf-i |-pvpr{- u{  wf-i
fi  Npz{->y ©ª hi&xpru{wqtzi¬y}|-wpry}{pz{  prhi&{pzyN{ ; U Às-|wy$ÄÆ°
e1f-pv1wxs   ¥ prtrtX­Xi  pr¼[p  i 
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 ih
pr{[wyw ¥ y|u}w+&° Z pz+w¤Á ¥ i ¥ prtzt
|Xi&p © $wfi|:u!wpvutu}&&s-+u}3pz{Qi¤u}+f  prhi&{pzyN{Dpz{DyN  i&wxya­:iu}­-triwya|y  s&iuaNyqy  +f-yNpr&iy © wxpzhimu{  |u}&i  pv&i&wpr£uwpry}{B°@nqi¤y}{  tzNÁ ¥ i ¥ prtztyNh|-s~wi
y}hik|-xpr&iu}{  fi  Niu}yN  pr{->wyy}s|-i¼qpzyNs OyN|~wprhut   pv&i&wpr£uwpry}{B°
 ./ (/ 
$¯s-iFwy wxf-iQ{qs-hi&xprut¬yNway © wxf-iiprhstruwpry}{Qµài|:i¤pvutrtz pr{ tru}Ni  pzhi{pry}{X¶³Á ¥ i ¥ prtzt
ih|-fu}pr£&i²yN{3hy  i&tVpr{  i|:i{  i&{[wµ ¥ pzwfi¤|Xiwwxywxf-i  pz¼qp  i&{  xuwi}Áq¼Ny}tvu!wprtrp§wxpzi¤&ÁX°&°°x¶myNh>¦
|s~wxuwpry}{° Z y}wf-pvxiuNyN{ wf-ias{  i&xtr[pr{-FuNiw+ CE F G FIH1J K'L MN pr{ : < uxi{qs-trt&y}xitruwi  u{ © yNtztry ¥ f-i&xi¬wf-iwxu}{  u}  >truN+®au{  n~+f-yNtzi¤hmy  itr
 E pF U + 	 pE pF  V   p   pF W V-  ÆW=
	W  U Ä-Wa'aaW; W µIh½j[¶¥ fi&xi 	 p  Æ>uxi  pr¼qp  i  +u!wi¤&Á  p  Æu}iwxf-iµàyN{wxu{[w³¶¼}yNtruwprtzpzwpriu{  C  F G FIH1J K'L MN  i{-ywxiu,;}¦  pzhi&{:pry}{u}tBw+u{  u  >y ¥ {pru}{3hywxpzyN{B°
e1f-pv1+f-y}pvi¯prhywxpz¼!u!wxi  ­[mwxf-i¯prh|:yNw+u{&i²y © wf-pvhy  i&t © y}1u|-|tzpv&uwpry}{° Z s-wf-ihy}xi}ÁE7FpvutryNi ²© s-{wpry}{y © CV%W3F4G © y}Bi¼}i^V  ÆW4=
	8Á&{:uhi&tr?E pF U  pK  ?DC+DC 	 p   Jp }À-G V   p  pF G&°e1fi&xi © y}xiwf-i¯y}h|-s-wxu!wxpzyN{y © wf-i¯¢Ns:u{[wpr£uwpry}{>wxi&i@y © CE6F4Gxi&trpzi¤Çi&{[wprxi&try}{mwxf-i@y}{iy © CF4G³°
±¨{$pzwxws{BÁ~­Xiusiky © wf-ik{qs-trtBy}xxi&tvu!wpry}{u}xs-h|~wxpzyN{BÁ-s+f¢[su}{Nwxpz£¤u!wxpzyN{3pvy}h|-s-wi 3© xy}h
wxf-i¬y}|~wxpzhutÅ¢[su}{Nwxpz£¤u!wxpzyN{ay © wxf-ik{-y}xhutXtru ¥ pr{ : < u{ a© yNh wf-i¬i  }i ¥ ipzNfNw+Uy © Hxy}|XyNp§wxpzyN{
fN° ¡ i|Xy}pr{[w@y}s~w1wf:u!wwfiiy}h|-s-wxu!wxpzyN{uxi  y}{-iyN{i © yN@utrtK°
'yN{i{-pr{-¯wf-i@&y}{[w+u}wÁ ¥ i © yq&sÇf-iiy}{ ª hipv&u}{>i&~+f:u{-Niwqtzi1y}|-wpry}{ ¥ pzwfm|u½[¦Jy}´V
S CP$G U10 %  CP   P @ +GP @ J   P J @ WÆ*G µàiw ;  U À 4V¶%a µIh}¶
¡ i®q{-y ¥ wf:u!wu © upr¬|pvi7F²uwkwprhmi,V¬u{  hu!wspzwP= y © s+f u$yN{[w+u}³wkpvk}pr¼}i&{«­qDwf-i
n~{-i&trtBi&{q¼Ni&try}|Xi¯y © wxf-i|-xyq&ixwCSRCE6F4GG FIH1J K'L MN Á~{uhi&tr
` F  F 7F U <>?  K C` F  SRCE  G%& ( F G%W H) V%W=
	IW wy}||-pz{>wxpzhi  W µIh!N¶
¥ fi&xi¯wxf-iktzw+u!wxpzyN{8C ( F G FIH1J K'L MN uxi¬wf-y[iky © wfiD>xy ¥ {-pvu{hmy}wpry}{ C F G³°
±¨{Dwxf-i © +uhi ¥ y}x®ay © i&-+fu{-Niy}|~wxpzyN{Á ¥ i&u}{6f-y ¥ wf:u!w¯s+fQu|-xpr&ipv@pr{  i&|Xi&{  i&{[w¯y ©
wxf-ipr{Nwxi&xiwxuwiDqÁ-p§w@pv ¥ fq ¥ i ¥ pztrtyN{p  i1pz{$wfpr@iwpry}{wfuw  U Æ-°
±8wpvprh|:yNw+u{[w1wym{-ywxi²wxfu!w1wxf-i&xi¯i&~prwx1umtryNi © yNh © yNwf-i>truN+®@ n~+f-yNtzi¤|pvi¬y © u
Us-yN|:i¤u{6yN{NwxxuN³w © y}µIh½j[¶ Y µIh}¶uwwxpzhiV1u{  hu!wxs-pzw =c}pr¼}i{­q
/E CWPRWL6W C W#G U     C;  G  ? C)*vG@P +     C;  + C   vGL6W
¥ fi&xi   U = + V³Á C   U  # <p    Jp Á   U @ p   	 p + <p  @ J  	 p ÁP  U @p   E p CV4G%W L U <p  @ J  E p CV4GÁ
;   U 	 3 C P LG  C C J À  !G2C    u{       i&{-y}wi¤Vwf-i  prwxpr­-s~wpry}{ © s{³wxpzyN{y © wf-iUwxu}{  u}  {-yNhut prwxpz­s~wpry}{B°
éé Ó!z{%{ø%|
vj   !0(0 )5	
#%
(	 /5
  ./ ) 4  % 3. 
niws1|-xi&prik{-y ¥ wxf-i{qs-hi&xprutÅ+fi&hi¬wfuw ¥ i ¥ pztrtÅprhm|tzihmi{[w° ª @hmi{[wpry}{-i  u}­:y!¼Ni}Áqy}s-
u}|-|-xyNuN+fwy|pvpr{-y}{:pvw+H:xwpr{¢[su}{Nwxpz£pz{wfiw;}¦  pzh>xy ¥ {-pvu{hywxpzyN{B°ÇDy}xi²|-xi&pri&tr}Á
triw =  Æmu{   W  w ¥ y>pr{[wi&Ni&+  iw  VD U M 	 u{  V   U   V³°Unq|u!wxpru}t  pv&i&wpr£u!wxpzyN{  i|:i{  
yN{3wxf-ikwprhiVq°Ç±¨{  ii  Á ¥ iksi¬wf-i|u}wxp§wxpzyN{
 U DK      J     	 W
Npz¼Ni&{ ­qµà[}¶³Á ¥ f-pr+fcu}xpr}{:wf-i {qs-h­Xi&$y © |Xy}pr{[wx  wy wxi  F# wxpzhiFtvu½}i° eUq|-pv&u}tztr}ÁmK U Ä7A   A  A  	 U % <  ¥ f-i&xi% < pr>u6y}{:w+u{[w  i&|Xi&{  pz{Qy}{ ;:°e1f-i 	  uxi+fyNi&{ pr{ y}  i&wy«hu}®}iwxf-i6hutrtriw|:y[pr­-tzi$¢[su{[wpr£uwpry}{ ixy} © yNwxf-i ;}¦  pzh >xy ¥ {-pvu{
hy}wpry}{B°¿@y ¥ ÁXu}xshmiwfuw © y}¯iu}+f   5 ÆW'a'aaW B wxf-i	¦JyN|~wprhut
¢Ns:u{[wpr£&i@y © wfi{-yNhut
 prwxpz­s~wpry}{DyN{ : < fu}²­:ii&{F&y}h|-s~wxi  ° ¡ i  i  s&iwf-i	¤¦8y}|-wprhu}t¢[su}{Nwxpz£i&mCP p G p   L .. L % y © F>­[umprhm|tzi  V¤¦  prtruwxu!wxpzyN{B°
Z pr{utrtzNÁpr{Nwxy  s:pr{-¯u}{>u­:wxxuN³w © u}hpztry © &y}{[wxy}t[¼!uxpruwi¼½u}pvu­tzi¤BC  p G  [  [ 	 Á½wfiwxiwi x+f-ihmiu{$­:i ¥ xp§wwi{6uNutrpzNf[w1hy  pz:&uwpry}{$y ©Çª tr}yNpzwf-h µK[¶    
    
\ 	p  U S 	p +  	p W  U Ä-Wa'a'a'WX 	 W
\ p  UA0%    S p +  p W % ; H   p L  \  J 
 

W  U Ä-Wa'a'aWX	*W ,U ÆWa'a'aW+ Ä µIh-h¶
¥ fi&xiS p  U S C  p L  W'aa'aW  p L < G ¥ p§wxf  p L   U  KL   ? L+ L 	    JÀ S   V    P p S W U Ä-W'aa'aW];u}{ ¥ f-i&xi¬wf-i ¥ i&pr}f[wx  p L  uxikDy}{[wi&¦ 'u}trym|-y½~priy © wf-ikwxf-i&yNi&wpv&u}t ¥ ipzNfNw+"C F ; H    J  W3 F    p G"CF=  p G a
e1f-i|pviu!w|Xy}pr{[wP p pr@}pr¼}i&{­q 4 p U \ p   p a µIh!jN¶
Z y}trtzy ¥ pr{-Dµºj1h¶Uwf-ifi  Npz{-" p u!wP p pvyNh|-s~wi  ­[
" p L   U
%  ; H   p L  C\  J  +8\ p GC   J  L  +  p L  G%  ; H   p L  C   J  L  +  p L  G J
W U Ä-Wa'aaW; a µIh!cN¶
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 vc
¿²s-hi&xprutHi&q|Xi&xprhmi{[wxf-y ¥ wfuwwf-i3+fy}pviy © wfi3y}¦8utrtzi  OyN{[wxy}t¼!uxpru}­-tzi¤    p pr
¼Ni&xpzh|Xy}wxu}{Nwpr{6|-xuN³wxpr&i}°Ç¿@y}wikwf:u!w²u{qmOyN{NwxyNtV¼½u}pvu­tzi¤    p s+f3wxfu!w
%  ; H   p L    J     p s-|$wymwfi|uwpvut  pvxxiwpr£uwpry}{ µj}N¶
u{$­:i+fyNi&{$f-i&xi}° ª ika&pzi{Nw@+f-yNpr&ikprfi&xi¯wxymwxu®Ni
 p U /E 
 =9+8ViW @
    p L  W <  @ J   p L  W C W  a µjf¤¶
¡ i>f:u½¼}iwxy{-y}wiwfuw¯wxf-i&xii&qpvwx¬ua{uws-+ut+f-y}pviy © 5  p B © y} ¥ f-pv+fFy}{ifuN²i¤¢Ns:utrp§w
pr{ µjNN¶³°±8w²&y}{prwx1pr{DyNhm|s~wpr{-pz{Dum|u}xu}tztri&t ¥ u½wf-i Us-yN|:i¤u{$|-xpr&iku}|-|-xy½~pzhu!wxpzyN{a­q
 p U % ; H   p L    J  W ¥ p§wxf  	p U S 	p W
>s~w3pzw3pv{-y}w  p2ka&s-t§w3wy +f-i¤+® wf:u!wwfpr+f-y}pvi6pv{qs-hi&xprutrtz i¢[s-pr¼½u}tzi{[wwy yNh|-s~wi
 pzxiwtr C\  Gpr{ µhvh¶ ¥ pzwf  p U Æ-° ¿@s-hi&xpv&utyNhm|s~wxuwpry}{ ¥ pztrt­:is-{ ¥ p§wxf wf-i6+f-yNpr&i
µjf½¶³°
  
 &&4/!%  

M"% C 	" 
¡ i ¥ pztrt~{-y ¥ i¤wxpzhuwiwf-i1+u!wxiy © yN{q¼}i&x}i{iUy © wxf-i1{qs-hi&xprut~yNtzs-wpry}{Npz¼Ni&{>­[aµIh-h}¶Bwxy ¥ u}  
u i © i&xi&{&iDy}{-iN° e1f-i&yNih¾Npz¼Niwxf-iQi&q|Xiwi  i&xyNwih­:y}wf pr{ wprhi«u{  pz{ |uNi}°
¡ iQxiutrt1wfuw © y}3u wxpzhi  pvxxiwpr£uwpry}{ |u+uhi&wi&  µº{qs-h>­:i3y © wxpzhiQtvu½}ix+¶mu{  |u}&i
 prxxiwxpz£¤u!wpry}{|u+uhi&wi&  U    µKu½¼}i&+uNi²{qs-h>­:iy © |Xy}pr{[wx|Xi&tvu½}i+¶Á ¥ ifu½¼Ni
  C  W _G U & 4 KK + F F# &
 
.   . J     W µjN}¶
¥ fi&xi 4RC W Gµºxi|B° F F#q¶prwfi&y}h|-s~wxi  |-pvi¬µºxi|B°Bwxf-i&yNi&wpv&u}tN|-xpvi¤¶u!wqV U Æ²y © u}hmipv&u}{
wqtzikyN|~wpry}{°
        ÉFÍ 
É Î   É   KÍ   +Ç} É
¡ i3­Xi&Npz{/­[ wxf-iu}iay © wxf-iFÄ&¦  prhi&{pry}{B°Fe1fi3xi © i&xi&{:iahy  i&t ¥ prtzt­Xiawfiwxu{  u  y}{-i
 pzhi&{:pry}{u}t >truN+® @»n~+f-yNtzi¤
 E6F U E6FC   V    F4G%W VB ÆW=
	IW E6K U  }ÃW¥ fi&xi  U Æa Æ}Ã-Á  U Æa¸À~°e1f-iuhi&xpv&u{«y}{[wxxuN³w ¥ prtrt
­Xiu{ ª hi&xpru{Q|s~w ¥ p§wxfFwxf-i>|:u½}y´© s{³wxpzyN{P 8 0 %  C3 +,P WÆ*G ¥ p§wxf/3 U ÂNÆ°
éé Ó!z{%{ø%|
j[   !0(0 )5	
#%
(	 /5
¡ i ¥ prtztwxawy3iwprhuwikwxf-i|u}&iy}{q¼Ni&x}i&{:i¬xuwi # pr{ µj[}¶°±¨{De
u­-tri f}Á ¥ ifu½¼NiyNh>¦|s~wi $© y}7 ­XiyNhpz{-3tru}Ni&µ  5  ÆW'aa'a%W&Ä¤Æ}Æ B ¶Uwf-ii&xyN   C  W G © y}   5 À  W   iW  ÆW   B °
¿²s-hi&xprutrtz ¥ iky}­:i¼Ni²wxfu!w © yN1wf-i¤i+f-yNpr&i1y © Fwxf-ii&xxy}pr@u}tzhy[w1wfi|uwpvutVi&xxy}
  C  W G
 
. J     U  J  a
±¨{wxf-i²tvu}wUtrpz{-i¤Çy © e
u­-triDfNÁ ¥ i@fu½¼}i@&y}h|-s~wxi   J ­q>hmi¤u{Uy © trpz{-i¤uHxi&Ni¤pry}{B°e1fi@truNwtrpr{-ii|-xii&{[wxwfiy}xxi&tvu!wpry}{awi&xh yN­~wxu}pz{i  °Ï¯{&i  J &y}h|-s~wxi  Á ¥ i&u}{i¼!utrsu!wxikwf-i+u!wxi# ­:i&w ¥ ii&{w ¥ y¼!utrs-i   u{   J ­q
# U 	 3  J C  J GX  J C   G	 3 C  G  	 3 C  J G a
tHu}tzs-i¤Çy © # uxi1i|:yNwxi  pz{mwfitruNwÇtrpz{-iy © e
u­tziwf}° ¡ i{-ywxiwxfu!wÇwxf-i@yNh|-s~wi  ¼½u}tzsi # pr­XiwwiÇwfu}{wxf-ii~|Xiwi  ¼!utrs-iµ # U Ä½¶³°
±¨{u¬trpz{iuÇu}ikµ Hs-xy}|Xiu}{>yN|~wpry}{&uNi½¶ ¥ i&u}{mf-y ¥wxfu!wkpzwkpv¯pzh|-trpzi  ­q6wxf-i>xi&Ns-tvuxpz£pz{-3|-yN|:iwxpzi¤²y © wfii&hpz¦JNyNs-|Dy © wf-i  pz´Xspry}{B°±¨{  i&i 
wxf-i{qs-hi&xprutÅpr{[wi&Nxuwpry}{ © y}xhs-tvuu|-|tzpri  wy NqC _G ¥ f-ii,N«u  hpzwx@ui&y}{ $ i&xpr¼½uwpr¼}iu{   pvumx¢[suxikpz{[wxi&}+u­tzi¬xu}{  yNhÐ¼½u}pvu­tzi&u}{­Xi ¥ xp§wwi&{DuNµài&i· vj½¹º¶





K NqC _G + %
p    p NqC P p G+ % p   N  CP p G K C]C  +,P p G  	 ) H O J G  ? ÄÀ ! C N   G   L J% W µj}N¶
¥ fi&xi   L J% pr1y © wxf-iy}  i&1y ©  F J  < °l>s~wwf-iyN|~wprhutrp§w3y © wxf-i}xp  hu®Niwxf-ikwihK CC A+6P p G  	 ) H O J C 8G4G U .    .!.>O ) ¼!u{prf-i°±8wÇi&i&h  p2ka&s-t§w
wy¬fy ¥ wfuwwfprf-i&spvwxpru|-|tzpripr{Dwxf-i ª hi&xpru{QyN|~wpry}{Fu}iutzwfy}s-Nf ¥ i>y}­i&x¼}i  p§w¤°ke1fpr¯­:i&wwxi&kxuwiy © yN{[¼Ni&x}i{ipv¯u
wxy}{mu}Ns-hi&{[w@f-y ¥ pr{->wfuwwf-iyN|~wprhutB¢[su}{Nwxpz£¤u!wxpzyN{pv ¥ yNwxf ¥ f-pztri}°
        É aÎ   É   KÍ   +HN- É
e1fi  i&wihpr{u!wxpzyN{y © |:u!wpvutVyN  i1pz{q¼}yNtz¼NiUtzyN{->xs-{µà­:i¤&u}si¬y © wf-ihutrtz{-i¤y ©  V¶ ¥ pzwf
pr{&i¤u}pz{-6u½¼}ixu}}i¼!u}tzs-i¤ky © ¾° Z xy}h  pzhi&{:pry}{ j$wy fÁÅwf-iawyNxu}}i>y © wf-ihu!wxpz 5  p L  B© yNs+f  pv&i&wpr£u!wxpzyN{FpvkyNwtrQu{  hu®Niwxf-iyNhm|s~wxuwpry}{¬pr{NwxxuN³w+u­-tri}°¿²i&¼Ni&wf-itzi¤ÁVwf-i
|i¼[pry}s:>utvs-tvu!wxpzyN{mpz{ y}{-iDu}{  w ¥ y  pzhi{pry}{ yN{trs  i$wy u |:u!wpvut1yN  iy © À!!; ¥ f-i{
wxf-i}xp  uxiy}|~wxpzhutJ°3±¨{ © uN³wÁ
s:+f yN|~wprhutrp§w«­:i¤yNhmi¤kfu  iu{  fu}  ikwyDNiwpr{ fpzNf
 pzhi&{:pry}{Á~pzw1pv ¥ fq ¥ iku{}s-i¤wxfu!w@|u!wxpru}tXyN  i& ¥ pztrtB­Xik­:i&w ¥ ii&{ Ä!;Dµºwf-i^O}xp  y}  i&  ¶
u}{  À!;:°
e
u­-trimfy ¥ 
  4  %,  8E  ):"!
¡ i@{-y ¥ |-xii&{[wH{qs-hi&xprutprhs-tvu!wxpzyN{Çy © U¢X°µhN¶spr{-aµhvh¶³ÁXµhjN¶³ÁXµhcN¶³ÁVµjf¤¶°
e1f-i²hu~pzhut
fy}xpz£y}{$wprhi/=    O pv¯+fyNi&{6wy­:i>i¢[su}tBwy_f}° Z y}¬u}pr¼}i{Q|:u!wpvut  pv&i&wpr£uwpry}{D|u}xu}hmi&wi U  ÇÁ ¥ i ¥ pztrt ¥ y}x® ¥ pzwf uFwprhi  prxxiwxpz£¤u!wxpzyN{  V U =    O   ¥ f-ii U lC;W G>pr
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 j f
Npz¼Ni&{pr{3e1f-iy}xi&hÐpr{ay}  i&Hwyi{s-i¬w+u­-prtrp§wu}f-y ¥ {u­Xy!¼}i}°nq|uNi  prxxiwxpz£¤u!wpry}{pvÇwxf-i&{
uN+f-pri&¼}i  ­q6wfiy}|~wxpzhutH¢[su}{[wpr£u!wxpzyN{Fy © wfi,>xy ¥ {-pvu{Fhy}wpry}{ pz{,: < yN{ u$|u}&i¦JwprhmiNp  < U 5  < B K)[ [ 	 H < L % J °±¨{my}  i&
wxy¬pr{q¼}i¤wxpz[u!wiUwf-i{qs-hipv&u}t[pr{ si&{&iy © wxf-i © ii­Xy}s{  ux}Á ¥ i ¥ pztrt  pvwxpz{}s-pvfmpr{
i¤u}+fwxs  mu{pz{-¦Kwxf-i¦8hy}{-i>&uNiu}{  u{y}s~w¦Jy © ¦Kwxf-i¦8hy}{-i&uNiN° Z s-wxf-i&xhy}xi}ÁyNs-H{qs-hi&xpv&ut|pvi1u{  f-i  }pr{- ¥ pztrt~­:i&y}h|uxi  wyu²xi © ii{i1iwwxpz{ ¥ fpr+fmpr
f-iiwxf-i1{[shmipv&u}t[x+f-ihmi
ih|-tzy!Ni  ­qQ· j f³¹pr{$wf-i	$i-+fu}{-}i¬y}|~wxpzyN{B°He1f-ihy  i&t|u+uhiwxi&+1u{  pr{-p§wxpru}t  uwxumy © wf-i
xi © ii{i>+f-ihi>uxiNpz¼Ni&{D­qDeu}­-tri>apr{Qwxf-impz{~¦Jwfi¦8hmyN{-i&6&uNimu{  eu}­-tzi>j3pr{Qwxf-i>yNs~w¦8y © ¦
wxf-i¦8hy}{-i3&uNiN°
±¨{ wfi © yNtztry ¥ pr{-F:}s-xiu}i  pv|-tvu½}i  wxf-iDy}h|-s-wi  |-xpviu}{  fi  Niu!wwxpzhiPV U Æ
wxy}Niwfi& ¥ p§wxf$wf-ixi © ii{iky}{iu}u © s-{:³wpry}{6y © wxf-ihu!wspzw =   ÆW=    O 	J°¡ i+wpr{q¼}iwprNuwi¬wfi|-pvpr{-u{  fi  Npz{-y © µIh½j[¶ Y µIh!N¶ ¥ f-i{P; U À~°He1f-i¼!utrs-i¤y © wf-i pz¼qp  i&{  &Á-¼Ny}tvu!wxpztrp§wxpzi¤u{  pr{-pzwpvut&y}{  pzwpry}{:uxi  pr|-tvu½}i  pr{6e
u­tziu{  j:° ¡ i>ii¬pr{ Z pz[&°f Y j>wfuw@y}s-¯y}h|-s-wxu!wxpzyN{uxi ¥ itztVwwi 6¥ p§wxf$wf-ixi © ii{i¬y}{ipr{6­:y}wfD&uNi¤µºpr{6u}{  y}s~wwxf-ihy}{-i-¶³°
±¨{ wfipz{~¦Jwfi¦8hmyN{-i&«&u}i}Á ¥ f-i&{ wfi  pzhi{pry}{¾pr{xiuNi¤&Á ¥ i&u}{¾i&imwxfu!wyNs-|-xpr&impr{~¦
&i¤u}i © u}wikwfu}{Fwxf-ii © i&xi&{&i>|pvi ¥ f-i{«wxf-ihu!wspzwQ}xy ¥ mµài&i Z pz[&°~ÁRc-Á f¤N¶°me1f-ihuqprhutBixy}1xi&hupr{pr{p  i Ðpr{QutrtÅwfi&uNi¤&°Ue1fiu}hi|-f-i&{y}hi&{-yN{D&u{6­Xiy}­:i¼Ni 
yN{3wxf-iyNh|-s~wi  f-i  NiµKii Z prN°H-Á7f¤-Á6f&jq¶³°±¨{mwfiywfi&H&uNikµºyNs~w¦8y © ¦Jwfi¦8hmyN{-i&-¶Á¼}i  pz´Vi&xi&{[wH­:ifu½¼qpzyNs-Çuxi1y}­i&x¼}i  y}{>wfi|-pvi¤&°
±¨{  i&i ¥ fu!wxi&¼}iÇwfi  prhmi{pzyN{Qµ © xy}h jkwy f¤N¶pv&Á}wf-i¯|-xpr&iHi&ih wxy­:i ¥ itztXy}h|-s-wi  µ Z pz[&°h~Á7f-fNÁ7f¤}¶°
nqs:+f u6hmy  pz:u!wpry}{¾y © ­Xi&f:u½¼[pry}sfu|-|Xi&{:wyqyDpr{ Z pz:°$° j:° A@ii ¥ i3f-y ¥ wxf-iaprh|-tzpri xip  sutxpv® pr{ wf-iQ&y}h|-s~w+u!wxpzyN{ y © wxf-iDf-i  }pr{-¾­q/triu}w¦¨x¢Ns:uxi>hmi&wf-y  µKii¾µàjvj[¶¶u}u
© s{³wxpzyN{«y © wf-ihu!wxs-xp§wN° ¡ i&u}{«i&i>wf-ii>wf:u!wkwf-i¼!utrs-i¤¯y © wfprkxpr®6prk­pzN}i&¬pr{Qwfimpr{~¦
wxf-i¦8hy}{-i3&uNi¯wf:u{$pz{$wfi¬yNs~w¦8y © ¦Jwfi¦8hmyN{-i&au}i}°Çe1f-pv1hu½3s}}i¤wu{$i~|-tvu{:u!wpry}{y © wf-i
u}{[wxuNy}{-pvh»y © wf-i Z prN°~-h~Á*cif-fNÁf¤if½~°±¨{  i&i  pzw@ii&hwfuw{qs-hi&xpv&utXpr{yNhm|tzi&wi&{ixy ©wxf-i@hux®}i&w²µOi¤p  su}t-xpr® Q&¶
fuNHu­-pr}Ni&Çi´ViwUy}{wxf-i@|-xpviBOpz{-¦Kwxf-i¦8hy}{-i7QUwxfu{mOy}s~w¦Jy © ¦Kwxf-i¦
hyN{-i& Q!°
éé Ó!z{%{ø%|
jq   !0(0 )5	
#%
(	 /5
eu}­-tri<fvX!Uwxpzhuwpry}{6y © wf-i|uwpvutVxuwiky © yN{q¼}i&x}i{i # y © µj[}¶pr{wxf-i  prhi&{pzyN{_fu}{  ~°
; U Ä ; U À   C WxÀ  G   C W   -G   C W  Æ*G   C W   G   C W  }ÆNÆvG   C  WÃNÆ}Æ*G
 -° fjihif ° vcj -° N*h! -° }f¤
} -°¸ih½j -° f}jN -° }Nj -° }}jih
} -°¸}f -° fih!c -° }}j[ -° }[j
N -°¸!jq -° f-fc*h -° *h*h -° }N*h
h! -°¸f -° fNN -° *hvh! -° j[-j
h -°¸j[} -° fvc-j -° -jN} -° jNj[
j} -°¸cvjN °fjih -° -jNN -° jNj[
jN -° fj} -° f¤}-j -° -c[1f -° j1h½j
c} -° }vj*h °f¤*h -° -cvjN -° N}-c
cN -° NN} -° frhj °f¤N -° Nf¤
fN -° *h} -° fj[!j -° fvjN fN° N fN° N ° cvc ° cih
 J -° h-h-µê¦¨N¶ f}° jNµê¦¨N¶ f}° }:µê¦¨N¶ j° h!c:µê¦8j[¶# fN° jih fN° cN fN° cf
eu}­-tziXwxpzhu!wxpzyN{6y © wf-i|u!wxpru}tÅxuwiky © yN{[¼Ni&x}i{i # y © µj[}¶ © y}  prhi&{pry}{ ; U ÂWxÃWÄÆ-°
; U Â ; U Ã ; U ÄÆ   C  W  ÆNÆvG   C W   ÆvG   C  W  Æ}Æ*G   C  WÄÆNÆ}ÆvG   C  W  Æ}Æ*G   C  WÄÆNÆ}ÆvG
h -° j[-jj[
j} -° j*cN!j[
jN -° N}N!j[
c} -° N}}j[
cN -° }Nj}j[
fN -° }Nj}j[
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 j[
p f 
	 p +     p }    K'L p j[ }
e
u­-triXqtHutrs-i¤1y © wf-i|u}xu}hiwi1hmy  it ¥ f-i{ ; U À>pz{$wxf-ipz{-¦Kwxf-i¦8hy}{-i3&uNiN°
 
	 C.EE 
! #"$&%(')+*,
3.8
4
4.2
4.4
4.6
4.8
5
5.2
5.4
5.6
5.8
0 5 10 15 20 25
QTF
V&Z
Z pr}s-xif-X ª hipv&u}{$i&-+fu{-Niy}|~wxpzyN{D|-xpr&i CE  + E J G J © s{³wxpzyN{Qy © wfihu!wspzw ¥ fi&xiwf-i{qs-h>­:i>y © tvu½}i&+pv}Fu{  wxf-i6{qs-h­Xi&my © |Xy}pr{[wxmy}{ wf-i$wyN| pvmN}°-  i&|-pv³w+wxf-i$|-pvi
yN­~wxu}pz{i ¾¥ pzwf wxf-ihi&wf-y  y © ¢Ns:u{[wpr£uwpry}{ u{  Y  i&|prwxwf-ii © i&xi&{&ia|-xpr&i«µt @ Å¶aµK © °· jf¹ê¶°
éé Ó!z{%{ø%|
jNj   !0(0 )5	
#%
(	 /5
u[¶
0.65
0.7
0.75
0.8
0.85
0.9
0.95
1
0 5 10 15 20 25
QTF
V&Z
­X¶
-1
-0.95
-0.9
-0.85
-0.8
-0.75
-0.7
-0.65
-0.6
-0.55
0 5 10 15 20 25
QTF
V&Z
Z pr}s-xi¬X A@i  }pr{- © yNwf-i ª hipv&u}{ay}|~wxpzyN{3y © Z pz:°6f}°ÇuN¶ "  µ-k¶ © y}{:³wpry}{y © wf-i¬hu!wspzw}°­:¶" J µ-k¶ © y}{:³wpry}{6y © wfihuws-xpzw}°He1f-ikxi © i&xi&{:ik|-xpr&i¬pv  i{-ywxi  ­q Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 jq
eu}­-tri¬j X tHutrs-iky © wf-i|:u+uhiwxi&1hy  i&t ¥ f-i{ ; U À>pr{wxf-iy}s-w¦8y © ¦Jwf-i&¦Jhy}{i&a&uNiN°
p f 
	 p +     p }    K'L p N jN
  	  C.EE 
   !" ! #"$&% ')+*,
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
0 5 10 15 20 25
"exch_2d_25_out.txt" u 3
V&Z
Z pr}s-xiX ª hi&xpv&u{ i-+fu}{-}imy}|-wpry}{F|pviPCE + E J G J © yN{³wxpzyN{«y © wxf-ihuws-xpzw ¥ f-i&ximwf-i{qs-h>­:i>y © tvu½}i&+pv}Fu{  wxf-i6{qs-h­Xi&my © |Xy}pr{[wxmy}{ wf-i$wyN| pvmN}°-  i&|-pv³w+wxf-i$|-pvi
yN­~wxu}pz{i ¾¥ pzwf wxf-ihi&wf-y  y © ¢Ns:u{[wpr£uwpry}{ u{  Y  i&|prwxwf-ii © i&xi&{&ia|-xpr&i«µt @ Å¶aµK © °· jf¹ê¶°
éé Ó!z{%{ø%|
j[   !0(0 )5	
#%
(	 /5
u[¶
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0 5 10 15 20 25
"exch_2d_25_out.txt" u 4
V&Z
­X¶
-0.3
-0.25
-0.2
-0.15
-0.1
-0.05
0
0 5 10 15 20 25
"exch_2d_25_out.txt" u 5
V&Z
Z pr}s-xi²j X A@i  }pr{- © yNwf-i ª hipv&u}{ay}|~wxpzyN{3y © Z pz:°~-°ÇuN¶ "  µ-k¶ © y}{:³wpry}{y © wf-i¬hu!wspzw}°­:¶" J µ-k¶ © y}{:³wpry}{6y © wfihuws-xpzw}°He1f-ikxi © i&xi&{:ik|-xpr&i¬pv  i{-ywxi  ­q Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 j1h
e
u­tzi1XqtHu}tzs-iy © wxf-ihy  i&tÅ|u}xu}hiwi ¥ f-i&{P; U Âpz{$wfipz{~¦Jwfi¦8hmyN{-i&&u}i}°
p f   j
	 p +       p fj° f&j  fj° f&j  f&j° f&j  f&j° f&j  KL p ° [ ° [ ° N -° }
   $ 	  E  E
! #"$&%(')+*,
3.8
4
4.2
4.4
4.6
4.8
5
5.2
5.4
5.6
5.8
0 2 4 6 8 10 12 14 16 18 20
Z pr}s-xiX ª hmipv&u}{ i-+fu}{-}iyN|~wpry}{ |pviCE E J + E rE   G J pr{ Y wxf-i Y hmyN{-i& © y}{wpry}{ y © wf-ihuws-xp§w ¥ f-iiwf-i{qs-h>­:i¯y © tru½Ni&+@pv¬}3u}{  wxf-i>{qs-h>­:i¯y © |Xy}pr{Nw+¬y}{Dwxf-imwy}|FprDh}-°(-
 i&|-pv³w+Çwfi@|-xpr&i@y}­~w+upr{-i ¥ pzwfwxf-i²hi&wf-y  y © ¢[su}{Nwxpz£¤u!wxpzyN{u}{  Y  i|-pv³wxHwf-i²i © i&xi&{&i|-pviµt @ Å¶kµK © °· jf³¹º¶³°
éé Ó!z{%{ø%|
j*j   !0(0 )5	
#%
(	 /5
u[¶ " mµ  ¶Á " J µF&U¶³Á@i © i&xi&{:ikf-i  }pr{-Dµ Y ¶
4
4.5
5
5.5
6
6.5
0 2 4 6 8 10 12 14 16 18 20
­X¶-"µ  ¶Á "   µF&U¶³Ái © i&xi&{&ikf-i  Npz{6µ Y ¶
-6
-5.5
-5
-4.5
-4
-3.5
-3
0 2 4 6 8 10 12 14 16 18 20
Z pr}s-xiX A@i  }pr{- © y}wxf-i ª hipv&u}{ yN|~wpry}{ y © Z pz:°~°uN¶ "  µ -k¶³Á" J µF&U¶ © y}{wpry}{¾y © wf-ihuws-xp§wN°­:¶-"  µ -k¶³Á "
 
µ &U¶ © y}{:³wpry}{$y © wfi¬huws-xp§wN°He1f-ixi © i&xi&{:i¬|-pvikpv  i{-ywxi  ­[ Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 j*c
eu}­-trikX tHutrs-iky © wf-ihy  itB|u+uhi&wi& ¥ f-i{ ; U Âpr{wxf-iy}s-w¦8y © ¦Jwf-i&¦Jhy}{i&a&uNiN°
p f   j
	 p +       p fj° f&j  fj° f&j  f&j° f&j  f&j° f&j  KL p ° N ° N ° [ -° N
   $ 	  E  E
   !" ! #"$&% ')+*,
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2
0 2 4 6 8 10 12 14 16 18 20
Z pr}s-xi,h1X ª hi&xpv&u{Fi-+fu{}iyN|~wpry}{Q|pvi CE E J + EE   G J yNs~w Y wf-i Y hy}{-i © y}{wpry}{Qy © wf-ihuws-xp§w ¥ f-iiwf-i{qs-h>­:i¯y © tru½Ni&+@pv¬}3u}{  wxf-i>{qs-h>­:i¯y © |Xy}pr{Nw+¬y}{Dwxf-imwy}|FprDh}-°(-
 i&|-pv³w+Çwfi@|-xpr&i@y}­~w+upr{-i ¥ pzwfwxf-i²hi&wf-y  y © ¢[su}{Nwxpz£¤u!wxpzyN{u}{  Y  i|-pv³wxHwf-i²i © i&xi&{&i|-pviµt @ Å¶kµK © °· jf³¹º¶³°
éé Ó!z{%{ø%|
}   !0(0 )5	
#%
(	 /5
u[¶ " mµ  ¶Á " J µF&U¶³Á@i © i&xi&{:ikf-i  }pr{-Dµ Y ¶
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2
0 2 4 6 8 10 12 14 16 18 20
­X¶-"µ  ¶Á "   µF&U¶³Ái © i&xi&{&ikf-i  Npz{6µ Y ¶
-1.8
-1.6
-1.4
-1.2
-1
-0.8
-0.6
-0.4
-0.2
0
0 2 4 6 8 10 12 14 16 18 20
Z pr}s-xi jX A²i  Npz{- © y}mwxf-i ª hi&xpru{ yN|~wpry}{ y © Z pr° h~°/uN¶"  µ-k¶Á " J µF&U¶ © yN{³wxpzyN{/y © wf-ihuws-xp§wN°­:¶-"  µ -k¶³Á "
 
µ &U¶ © y}{:³wpry}{$y © wfi¬huws-xp§wN°He1f-ixi © i&xi&{:i¬|-pvikpv  i{-ywxi  ­[ Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 f
e
u­tzimhiXqtHu}tzs-iy © wxf-ihy  i&tÅ|u}xu}hiwi ¥ f-i&{P; U Ãmpz{$wfipz{~¦Jwfi¦8hmyN{-i&&u}i}°
p f   j  
	 p +         p fvf}°¸}   fvf}°¸}   fvf}°¸}   f-f}°¸}   f-f}°¸}   f-fN° N   KL p ° jq ° jq ° jq ° N -° } -° }
     	  EE.E   
! #"$&%(')+*,
3.8
4
4.2
4.4
4.6
4.8
5
5.2
5.4
5.6
5.8
0 5 10 15 20 25
Z pr}s-xi cX ª hi&xpv&u{/i-+fu{}iayN|~wpry}{ |pvi8CE  E J E  + E  E   E  G J © y}{wpry}{ y © wfi3hu!wxs-pzw¥ fi&xiwxf-i{[sh­Xi&y © tru½Ni&+²pv}u{  wxf-i{[sh­Xi&y © |:yNpz{[w+¯yN{Fwxf-imwyN|«pv,fN}-°-  i|-prwx
wxf-i|-xpviy}­-wxupr{-i 6¥ p§wxf6wf-ihi&wf-y  y © ¢[su}{Nwxpz£¤u!wxpzyN{6u}{  Y  i|-prwx@wf-ixi © ii{i|pviaµt @
B¶¯µK © °@· jf¹ê¶°
éé Ó!z{%{ø%|
N   !0(0 )5	
#%
(	 /5
u[¶
7
7.5
8
8.5
9
9.5
10
10.5
11
11.5
12
0 5 10 15 20 25
­X¶
-12
-11
-10
-9
-8
-7
-6
-5
0 5 10 15 20 25
Z pr}s-xi.f¤X?A@i  }pr{- © yN¬wf-i ª hipv&u}{Qy}|~wxpzyN{Fy © Z pz:°mc-°>uN¶ "  µ-k¶³Á " J µ &U¶Á "  µ &+²¶ © yN{³wxpzyN{y © wf-imhu!wxs-pzw}°¬­:¶ "
 
µ-k¶Á "  µF&U¶³Á " 3µ k¶ © y}{:³wpry}{Fy © wxf-i>huws-xp§wN°¬e1fi>xi © ii{i|pvi>pr i&{-y}wi  ­q Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 }
eu}­-triwjX tHutrs-iky © wf-ihy  itB|u+uhi&wi& ¥ f-i{ ; U Ãmpr{wxf-iy}s-w¦8y © ¦Jwf-i&¦Jhy}{i&a&uNiN°
p f   j  
	 p +         p fvf}°¸}   fvf}°¸}   fvf}°¸}   f-f}°¸}   f-f}°¸}   f-fN° N  KL p ° N ° N ° N ° jq -° j[ -° j[
    
	
 EE.E   
   !" ! #"$&% ')+*,
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2
0 5 10 15 20 25
Z pr}s-xi f-f-X ª hipv&u}{«i&~+f:u{-Niy}|-wpry}{ |-pviPCE E J E  + E E   E  G J © y}{wpry}{ y © wf-ihu!wxs-pzw¥ fi&xiwxf-i{[sh­Xi&y © tru½Ni&+²pv}u{  wxf-i{[sh­Xi&y © |:yNpz{[w+¯yN{Fwxf-imwyN|«pv,fN}-°-  i|-prwx
wxf-i|-xpviy}­-wxupr{-i 6¥ p§wxf6wf-ihi&wf-y  y © ¢[su}{Nwxpz£¤u!wxpzyN{6u}{  Y  i|-prwx@wf-ixi © ii{i|pviaµt @
B¶¯µK © °@· jf¹ê¶°
éé Ó!z{%{ø%|
j   !0(0 )5	
#%
(	 /5
u[¶
0
0.5
1
1.5
2
2.5
3
3.5
4
0 5 10 15 20 25
­X¶
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
0 5 10 15 20 25
Z pr}s-xi f½1X A@i  }pr{- © y}²wf-i ª hi&xpru{DyN|~wpry}{Qy © Z pr°mf-f}°u[¶"  µ-k¶Á" J µ &U¶Á"  µF&+²¶ © yN{³wxpzyN{y © wf-imhu!wxs-pzw}°¬­:¶ "
 
µ-k¶Á "  µF&U¶³Á " 3µ k¶ © y}{:³wpry}{Fy © wxf-i>huws-xp§wN°¬e1fi>xi © ii{i|pvi>pr i&{-y}wi  ­q Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 N
e
u­-tricX tHu}tzs-iky © wxf-ihy  i&tÅ|u}xu}hmi&wi ¥ fi&{P; U ÄÆmpz{$wxf-ipz{-¦Kwxf-i¦8hy}{-i3&uNiN°
p f   j   h j c f
	 p +             p j° c}j   j° c}j   j-° cj  j-° cj  j-° cj  j° c}j   j° c}j  j-° cj   j-° cj   j-° cj  KL p -° vc ~° -c ~° -c ~° -c -° vc -° }j ~° j ~° j ~° j -° }j
  E   	  EE.E   E
! #"$&%(')+*,
3.8
4
4.2
4.4
4.6
4.8
5
5.2
5.4
5.6
5.8
6
0 5 10 15 20 25 30 35 40 45 50
Z pr}s-xifX ª hmipv&u}{6i-+fu{}iy}|-wpry}{6|-xpr&i.CE  E J E  E   E  +gE  E E  EE  KrG J © yN{³wxpzyN{Dy © wf-ihuws-xp§w ¥ f-i&xikwfi{qs-h­Xi&¯y © tru½Ni&+1pr¬u{  wxf-i{qs-h>­:i²y © |Xy}pr{Nw+@yN{wxf-iwxy}|6pvDfN}° -
 i&|-pv³w+Çwfi@|-xpr&i@y}­~w+upr{-i ¥ pzwfwxf-i²hi&wf-y  y © ¢[su}{Nwxpz£¤u!wxpzyN{u}{  Y  i|-pv³wxHwf-i²i © i&xi&{&i|-pviµt @ Å¶kµK © °· jf³¹º¶³°
éé Ó!z{%{ø%|
}   !0(0 )5	
#%
(	 /5
u[¶
11
12
13
14
15
16
17
18
19
20
0 5 10 15 20 25 30 35 40 45 50
­X¶
-18
-17
-16
-15
-14
-13
-12
-11
-10
-9
-8
0 5 10 15 20 25 30 35 40 45 50
Z pr}s-xi.fjX^A²i  Npz{- © y}¬wfi ª hmipv&u}{Qy}|-wpry}{Qy © Z pz:°df¤-°kuN¶ "  µ-k¶Á " J µ &U¶³Á "  µF&+²¶³Á "   µ k¶³Á"  µk¶ © yN{³wxpzyN{Qy © wf-imhu!wspzw}°¬­:¶ " µ-k¶³Á "   µF&U¶³Á " µF&+²¶³Á "  µ k¶³Á "  K µk¶ © yN{³wxpzyN{Fy © wf-ihuws-xp§wN°Çe1f-ii © i&xi&{&i¯|pvipv  i&{ywi  ­[ Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 *h
eu}­-tzi,f¤XqtHutrs-iky © wf-ihy  itB|u+uhi&wi& ¥ f-i{ ; U Ä¤Æ>pr{$wf-iyNs~w¦8y © ¦Jwfi¦8hmyN{-i&au}i}°
p f   j   h j c f
	 p +             p j° c}j   j° c}j   j-° cj  j-° cj  j-° cj  j° c}j   j° c}j  j-° cj   j-° cj   j-° cj  KL p -° }j ~° j ~° j ~° j -° }j -° vc ~° -c ~° -c ~° -c -° vc
  E   	  EE.E   E
   !" ! #"$&% ')+*,
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
0 5 10 15 20 25 30 35 40 45 50
Z pr}s-xif¤X ª hmipv&u}{6i-+fu{}iy}|-wpry}{6|-xpr&i.CE  E J E  E   E  +gE  E E  EE  KrG J © yN{³wxpzyN{Dy © wf-ihuws-xp§w ¥ f-i&xikwfi{qs-h­Xi&¯y © tru½Ni&+1pr¬u{  wxf-i{qs-h>­:i²y © |Xy}pr{Nw+@yN{wxf-iwxy}|6pvDfN}° -
 i&|-pv³w+Çwfi@|-xpr&i@y}­~w+upr{-i ¥ pzwfwxf-i²hi&wf-y  y © ¢[su}{Nwxpz£¤u!wxpzyN{u}{  Y  i|-pv³wxHwf-i²i © i&xi&{&i|-pviµt @ Å¶kµK © °· jf³¹º¶³°
éé Ó!z{%{ø%|
-j   !0(0 )5	
#%
(	 /5
u[¶
0
1
2
3
4
5
6
7
0 5 10 15 20 25 30 35 40 45 50
­X¶
-5
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
0 5 10 15 20 25 30 35 40 45 50
Z pr}s-xi.f¤X^A²i  Npz{- © y}¬wfi ª hmipv&u}{Qy}|-wpry}{Qy © Z pz:°df½~°kuN¶ "  µ-k¶Á " J µ &U¶³Á "  µF&+²¶³Á "   µ k¶³Á"  µk¶ © yN{³wxpzyN{Qy © wf-imhu!wspzw}°¬­:¶ " µ-k¶³Á "   µF&U¶³Á " µF&+²¶³Á "  µ k¶³Á "  K µk¶ © yN{³wxpzyN{Fy © wf-ihuws-xp§wN°Çe1f-ii © i&xi&{&i¯|pvipv  i&{ywi  ­[ Y °
æºè
éBæêâ
 	
	
		 !#"$%
&'
(*)+$,')-
(*)./102	
(34
(,'5%
!6!07  ,'%
&!8"$	
!5 -c
  !1%.
	 
 "+*," "  $*  "      )  #   ) *,"    " "  ))  ) " ' !  )   "+"$# G2<<()M1A@ 7KM8&%B)(')) )
*+  !,-.   /,012,03$
 4!56 ) %798;: <=:> ))   "?$:@   )+$BAC6:<D9E
)  "  FG IH &'&!6KJ  <KL *B7M  <KL * )   5 )   )   "+ )
 !  )    *B:M NO    =P2CQGP  ?R 00 R9:
 ST5 :U ) %7  :WV ) )%7XV $Y )!Z " $[<     *,' & #  "  * " '  )+*   '\?(]       ) !  )   "+*B:"P^U>" O
_  `  '   )  " \? *       "+   $'&  "=a 341R^:>R^I)6b]KM8413ced 8=<>67#) $&%8=<Q9f9ghijC "$:kj": l SO2-0 
k!mm - :
 l 5 : ) %7 
 :M ) `n *B    )+  A)   "+ ) ` "     "  *," _   `      O $  #&*o ")DpQ   ()DJ"?  `
  "   #*B  '$ ')  B "  
rq!s t$uiv ) "  ) "  \YM  " )  N *	w  #"9 n   *
) N ) "   *BDx  _   *o  N
M )   * 5 PQyz@  )+'&T{R 000 :
 |!5 :X ) %7 
 :jM ) `n *B=}?:jM   & #*B  * " '  )+*   '~  )+  A)   "  #&"9  "  $" $)    "   #*B
' 1527#8[>3<1' 87K21VQ9N>5 Q% HRH!< %?S:>7%15M9 * k O R9?: R9k O2S l?R 00 k:
 -T5 :X ) %7 
 :XM ) `n *B&}?:jM      #*Bj@W  * #"    *,'   #&*	      #   ')&  )+  A)   "+  #&$"9
 "  ' "+ Y  `  y *,B  '&![ )   * " $ ' " "9     % HRH!< %?S:>7%15 1A@=' >.<,< %?>V%5LS:>.<S=G< G 9 71B$&%,5!>5 SX8o{:
 .!5 : ) %7 
 :M ) `n *B< o "  )  ) %*o * " )  )+  A)   ") ` "     "  "*  ) 'B &  "   #*B  "  ' "+ Y  `
 )M71VSXKM)"a 341VSI) >5!Q 7KM8%,3Q% HRH!<()R 00 R7:
 /T }?: ) o )  )  ~  :8)    )  ?C   #   ' ) _ )  )   "+ "   ` ?  # $*o " )      _ )   )    #   ') 
*, '       *Bi 1G 35 >.< 1 @ $&%5!>5 S8D>5!Q G2>527%,7>7%8% 5 >.< c69X%9 + g"k!mm | :
 m Y : *,"  *) "}?: v : v  "*B	% HRH!< %SX>67%?15M9 1A@ 7KM8 /2>3%>7%?15 >.<X5 84O=G2>.< %,7%89 %,5)M71VSXK>9:7%?S165M7341< 
C "   " )+QkBm / R9 "  % HRH < %?S:>7%?1529 Q*89 %,5r:O=G2>7%15M96>3X%?>7%?1525 8=<,<(89 85 S:1527391.<(8 9:71VSXK2>9:7%?O=GM8
  $"9?M )   *B"k!m ./ :
 k 0 C6: "   )    : v )+ 	   ""G  *o  )   *o* )+ ! `   ` *   )  `   *j [8)  !" _  )+# ()  !&*B$)M71VSXKM)
a 3A1VSI)>65!Q 7KM8%,3Q% HRH!<() ++ :k S k O k |0 ik!m / m9:
 kk  8;:U  "!)? MU: 
  )+*,*,   () "M   'B  `  #   ')+ O J %$ J '       *	x *o  ` J$    )   ""= 16G3X5!>< 1A@
PS:15 1\ %Sc65!>6\ %?S=9 >5!Q~15M73A1.< f   /TO m9?":k S R SO k S| R7Wk!mm . :
 k!R  }$:T  '9 IZ 
 :B *,8    ?  # $*o "+ )  * % Y$"   'X  )+  A)   "+V  "  %Z=  ¡M "!Z   ? * " oO
  "Y8  )+*   &*B$oXj 15	X5V@;163\T>7%?15eb]KM8413c¢i).H284S=%?><%,9:9:GM8 165~ G2>5M7%(UV>7%15$£KR9: R S m O Rl . 
k!m / R9:
 k SY :>$ _ )+'&V  n *,$FL x ? _   *o  N $M  " _  $' w¤P¥CGP  ?JI$    kBmm . ikIl 0 ":
 kIl Y :&>$ _ )+'&&C   #   ')  #"9$*  "  )+'9Z )   * " ')+*   'e?(]       ) !  )   "*B Z G \083X%?S:>.<
'87K21VQ9 %,5 $&%,5 >5!SX8 v :"G " `   *)+  :"V ) ) % !*B:WM   ')   "+*" $C IZ "+P *     *,    *B
> )+    ` x ? _   *o %\M  &*,*Bik!mm . :
 k |T MW:r>""  ! ¤`  "+ #&   ' )  "!)+'   "       $ *,* "  )[ " ') % "$   ()i  )+  A   &b 84SXK 5M%?S:>.<
d 8#H1637F v ) "$:rM  ")  N *Bx  _ :?M )   * - yz@  )+$' T{k!mm . *   Y ,!  "    ? ')   "":
 k - MW:">"+"  !UJ  "+ ` v )BZ "& ) ` YC   	    "    )  " ¦$ * "    ""Qb 84SXK 5M%SX><WdP8#H13X7FX>    
$8)  N  ()     *$FL x ? _   *o  N M )   *kTR9$*  $ Y ,!  "     ')   ":
 k .T MW:&>"$"  !)MG 3 O=GM8=<O=GM89TH 3A1R^;<§\089 Q*8 O=G2>5M7% ¨ S:>7%?15?V  n *,$FL x ? _   *o  N MX  o  &©8)   
>    }!)+ _    R 000 :
ªjª¬«7­®!®T¯!°
  
	 !
"$#%&')(+*-,"/.102(+')34(+576!8:9<;
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
0 2 4 6 8 10 12 14 16 18 20
In the money
Out the money
= #>%&')(+*-,"/.102(+')34(+576!8@?;
0
0.5
1
1.5
2
2.5
3
3.5
4
0 5 10 15 20 25
In the money
Out the money
AB#
0
0.5
1
1.5
2
2.5
3
0 5 10 15 20 25 30 35 40 45 50
In the money
Out the money
CEDªFCG
  / / /  )   
	   $ /	-  $     /  -             
 k /[ : MU:K> ) _   FQC6:j B      #   ')+ "$  "+*B^ $ "  % )+    #   ') )+) %*o *BQ ! "#%$'&)(
*,+.-+ $' 0/12/%$ -+ &3"4$5 76 + # * c8/%$91: * / -  "4& + 8)+$'$ *   x ? _   *o %[   *,*BikBmm 0 :
 kBm  8;:   H "?d;/%$91#%<  +=* /% " + &c2&, + <>&   J$    `   kBmm / :
 R 0 C6:?<XE
)  "  F>:E
) "  ?,) "<=:?M )  " A@ Jr:M & ` 8;: >:   BA?G IH '&!(*,"    "+* "D)+' O
Z )   J " ')+*   '  (]       )K<X  )   "+* )    B ) ! "*  ) 'B ©  "   #*  "  M  <KL *B6bB6 + %C$D$E0#GF
a * #IH,/JEr!K?C "YR7?": .0 R O¥.S. ikBmm . :
 R7k  6:U@L  #    :DJ"+    ()+$"U ! `   ` " "+  !   $)+ ' "    `    'B )  #*BM#2$' * "
H)NO "
#%$'&P #
'Q/% 76 + <R/% " - /Sr - #%$!#%<>" - &": R 0|TO RR S C "   O  " )     #*   )+ rkBm /- :
 RR PT :$@"    N ?}?: 8;: v ) *  %7$}?: v B "  ' " A@ $MU: v : v  "*B$C6:$V "  ABF   ')   "+* "U8) ) _  ') '    *
"[8 " 6> )   "# #"9$*K ©@W )+$' !UV"4$9/%$ -+RW )' # - 6D/%&, " - & + ?": S m9k O l?k!R9WkBmmm9:
 R SPT :?@"    N ?}?: 8;: v )+*  %7?}?: v B "  '$" D@ $MW: v : v  "+*B   ')   "+* " D8) ) _  ' ) '    * "8 " 
> )   "# #&$"9$*K @W  ) ' PoP9UV"7$9/%$ -=+>W )' # - 6D/%&, " - &BK?: R 0 k O R S- R 00 k:
 RTl [ :?@   !$ () "a;/ *  "
/S:" X +=*,+ $D "
/S;Y)ND/% "
#%$D&Z/%$91	%[I9S " - /% "
#2$'&  ')$  Y 'M   *,*B"f"kBm .| :
 R |T Jr: 
 ) ¥: v  *,'  ` %7'U#%NO$91I/2 "
#%$'&#GF3Y)ND/%$D "]\^/% "
#%$RF# *:* /2$91I#%< +.-  # * & v  '&   C "  *= ~8)  O
  ()   ' * k .S0 rJ$    `   R 000 R S0 ":
 R -[ : 
   *,"$iG: 
 ) % y !$*B: {WoXj_#%$;$^F)# * <R/% "
#%$ bB6 + # * c¢=) +.- "
/%S`"7&&,N + #%$ aND/%$D "]\^/% "
#%$?U£
k!m / R9:
 R .T C6:iP2!!$) )+ J: )  )+) )' # - 6A/%&, " - :" X +=*,+ $D "
/SW0Y)ND/% "#%$'&b/%$!1c" X;NA&,"
#2$5 * # -+ &,& + &¢:& +.- #%$91
+ 1%"4 "
#%$?C "  \ " )+;k!m / m9:
 R / E  *,$  6: }?:%aI * #^d%"4<R/% "
#%$5/%$91>e + /f - #%$ +=*gJ+ $ -+ < +  76D#^1%&F# *C* /%$!1I#%<h * # -+ && + &¢MeM"7 768/=I9S "4i
- /% "
#%$D&> #&, # - 6D/%&, " - &c2& + <&R 76 + # * cD8©P V M  &*,*6J    *  J9 `  )jM  " '  *,*o  ` XpQ   YA)   "" )+
>"   "F9jr8©P¥VM   *,*Br> )+    ` r8  iy kBm .. {ikBm / l?R - m?":
 Rm  E  *,$  6: }?:      *iMW:IkcNO< +=* " - /SJ< +  76A#^1%&9F# * &, # - 6D/%&, " -l- #%$' * #S2 * #IHS + <&V"4$ - #%$' "4$DND#%NO&a "4< + 
R%m2n !$   "+"  ? ')   "*(" 68) $  ()   ' *B?h"J" '  ) *   '8 "9B  ` )+  ? !M  " )?  %7
J$    `  oO 5    ) ` C IZpo"  R 00 kl .| :
 S0 6: }?:DE  *,$   
 : 
 :MoQ ")' # - 6D/%&, " - %[I * #d%"4<q/% "#%$'&Y%lS g # * "4 76O<>&r/%$!1%aI!S " - /% "
#%$D&KJ$    `   
C IZpo "  rk!mm . :
 S k  Jr:9E  *  "+))    :?J   " " 'r  ? ')   " " Q8) ) _  ') '    *KPoP9}?:'U/ - E") - "ECs$'"%Eb!#fcI#
J '=P  8) ": + ?":k O¥.- k!m /| :
 S R Y : v )  	   "+"9: v ) %  $' * #^12N -  "#%$5 #&, # - 6D/%&, " -- /%S - NDS NO&/=I9S " + 1Z #3UV"4$9/%$ -+ ?> )$ ()+[w
 )F v "+ $"+"k!mm - ik /| ":
 SSY : v )  	   "+"  "!Z  )+ "   () * "?  ` )+   )  " Z )*B  ' ? ')  I "  x  _ :8)   O
 ) O 5 ) N ikBmm / y   _  *,!ek!mmm{:
 S l Y : v )+ 	   "  :: v ) %  P   "9  '&  "+ "[J" '  ) *   '	> ) '    * )? ! "Y@W )+'&>) O
 ()+©w¤ )Fk!mm - Wk /| ":
 S|T MW: v : v  "*B:DG NB` ?   K> ) '  $ *	   @ &[ * *, $*o  N *[L  $ "  " )+ NI  ') $©)   
 N "968 " 6> )   "??Z "  $  `  )   :
 S- @:  : v "+ ` *  )]U$<K: Jr:9J'7Z )   A 5 )    `  #   ')  "  "+*j%*o    )   ""^ ) *o  Y?  ) *  O *  )   *
)?  "!) 'd + ^" + ep#tFlUV"7$9/%$ - "
/S)' ND1%" + &ifhi"kk STO kIl / R 00 k:
 S.T }$:C  _   r'u/ *  "7$ g /S + &3vq + <'&Z1%"4& -)*,+  Fr8)+*,*,"rM )   *B"k!m . kR9k | ":
ªjª¬«7­®!®T¯!°
   
	 !
 S/
 :"M ) `n *B  *o ) '  _  '&"    )+  A)   "+  #&$"9  "     #   ')D   ` )   "&O#%N * $9/SV#GF%[I9S " + 1
/%$91~M#%<l!NO /% "
#%$!/S'Q/2 76 + <q/% " - &£?":k O¥S/ k!mm . :
 S m Y :!G  _  A8;:o"  rM#%$' "7$'ND#%NO&X'Q/ *  "4$ g /S + &;/2$91# * #2eM$D"
/%$'u#% "
#%$?7J9    `  oO 5    ) ` R m2n !?   "
    O  I B  ` "k!mm$k |-0 ":
 l 0 }$: C6:=V *o *o9 *B: 5 )  G " %7QpQ   () * "  ` " 	8)  !" _   " '  *,*, *B^Q    *o ) '  $ "  %7
)?  " @   ()   " ) ` "    #*B )+ )  )? ')   " "   'B  ` ? `  O ?  # $*o " ) )+'I )D$   _ )   _  *B
ojX b * /%$'&)E"%CNO #%<q/% E&M#%$D * #S hhi$  k 0 "kBmmm$r?":k / l 0O k /| k:
 l$k  Jr: 5   $  _   : )+$&,6y R 00 R{?M )  ) " '  :  : P:  #&$"9$*  "     'B  ` )  #   ')+("  "(" 2Z "
* " '*B  "  ' "+ Y  `  'Q/% 76 + <q/% " - &Z#tFq +=* /% "
#2$~d + & + / *.- 69:
CEDªFCG
  / / /  )   
	   $ /	-  $     /  -              
	
hU7F u! "$#%& ' n [/%$!1  "7&MNO$D" F# * <RS c + S4S " ' " - ¢! 76 + $PH,#% 76(*)  +  -,/., m /%$910 )  1+  -,., m&)/2 "4&Fcq 76 + 1#%<>"4$!/% "
#%$P * #= +=*  Fc32*46587eM"7 769 .(: ;  &=< >0? @ .   &=< >ACB  /2$91 D : ;FEHGJI  BLKNM n 8O\$  76 + + d% + $!1 + 1JPCS / - f WRQ9- 6D#S + &r<q#^1 + S(2S587!¢R" FUT "V#%& ' n 5"7&rNO$'" F)# * <>S c + S4S " ' " - ¢ 76 + $hH,#% 76*)  +  -,/., m /2$91W )  1+  -,., m &)/2 "4&Fcq 76 + 1I#2<>"4$!/% "
#%$q * #= +=*  Fc32*46587Re`"4 769 .X: ;  &=< >(Y @ .Z   &=< >ACB  /%$91 D : ;\[^]_a`  ? Z Eb_ Sced , _ , n u EHGJI  B6K=M n  u
e 6 +=*,+ ` f : ; [ f _!gih^jk cd , _ , n u f ; f
d
u OlOlO u f!nm " 'PnE
npo(rq-sStvu lxwzyV|{!}l~p}lltKp	!}	N=psp~m\p{}~x _6 ~x  }m  Sy _ m  s~m0} _ }-=$f u" '  } _ }-=W AHB y h^80h^ j 6    ghb f gJh j   O yzl7{
V|{!}  ]  ~mU   : ; )   N=   `  B  ql }^p¡W  ]!  ~m	Z  p{  ]!  ~x¢ql~}-£¤q  }lT*)   8yx{!}lql} )    v!  s~mp¤¡$}l  ¥   qxtP*s1~m ~!Zv0s¦p~x  p}l§p{^vp{!}  }l!  SWs!!q8  ~m¨/© ª/«m¬ + p   }l¨© ª/« ¬ + ­ i® ¨ ? ¯   +° ­ u  ® u± A²B 8O³ ~x!=}l6}lp¡y  se´ .X: ; )   + N=   ` !~!ZFb´  : ;µ]  ACB y~x}¶{vs~mb} _ }8=· O p ¥  }¸ " ' n ¹ =º»U¼ + < ½º ¸ ;²¾À¿VÁ¤Â d , _ ,/º   ]-Ã  h^ÄÅ¬ +  d , Ã , n  ¸ _  ½ÇÆ C® ¾È¿ÉÁ¤Â d , _ ,º   ]lÃ  h ¯   +^° Å¬ +  d , Ã , n  ¸ _  ½xÆ OÊ	~!Z¶y!~m!}¶}     }8 _ }lyZ  p{~x _6 ~m!~m  ~m!{|p{» ¼ + < ½º i® Â LËÌmÍLÎ ÏvÐÑÒ ¾ ¿ Á¤Â d , _ ,ºÔÓÓÓÓ [] Ã 
 h ¯  + ° Å¬ + Ôh ¯   + Ì Åk Sc d , Ã , n ÓÓÓÓ
½ Æ O
Õ!~mv} _ }-=$Ö "Ø×Ùu OlOlO uNÚÜÛ yPÝ!}  Ýeyzl{|  }l  
nÞ ÃNß d  ] Ã  =à [ h ? ¯   +^° Å h ? ¯   + Ì Åk c à Rá Y @ .Zãâ
½ nÞ ÃSß d  ] Ã  =à [ `  ? Z E Ã   `  ? Zb­ Ã_ Sc à
Zv{  q8{ !m ¡  }l  p{!}	} @ ¥ }lq-p}  p}l=!¡b  !ql}¶fäå ] Ã -`  ? Zvf  b¢  ?N}-q- _ }sp~m'~xp~U'æ¹ t ç
ªjª¬«7­®!®T¯!°
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
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